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PREFACE  TO  SECOND  EDITION. 


Very  great  changes  have  been  made  in  the  present  edition 
as  regards  both  the  matter  and  arrangement  of  the  chapters. 
By  these  changes  many  of  the  more  obvious  defects  of  the 
former  edition  have,  I  hope,  been  removed.  I  have  endeavoured 
in  every  way  to  maintain  the  practical  character  of  the  book ; 
and  for  this  purpose  a  large  number  of  new  drawings  and 
diagrams  have  been  introduced.  The  great  amount  of  revision 
required,  and  the  length  of  time  involved  in  passing  an  illus- 
trated work  of  this  kind  through  the  press,  must  be  my  apology 
for  the  delay  in  the  appearance  of  a  new  edition. 

My  best  thanks  are  due  to  Dr.  Maddox  for  much  valuable 
assistance  in  connection  with  the  revision  and  correction  of 
the  proof  sheets.  I  have  also  to  thank  Mr.  Sydney  Stephenson 
for  several  of  the  drawings  illustrative  of  normal  conditions  of 
the  back  of  the  eye. 
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PREFACE  TO  FIRST  EDITION. 


In  the  following  pages  I  have  endeavoured  to  give  a  description 
of  the  principal  Diseases  which  aifect  the  Eye,  or  lead  in  any 
way  to  impaired  vision.  The  symptoms  and  treatment  of  these 
diseases  are  discussed  more  or  less  fully,  according  to  their 
importance.  Except  in  cases  where  it  has  some  direct  bearing 
on  the  treatment  to  be  adopted,  I  have  either  altogether  omitted 
any  mention  of  Pathological  Anatomy,  or  have  devoted  a 
relatively  small  space  to  it.  This  I  have  done  for  various 
reasons, — the  main  one  being  that  I  believe  any  exhaustive 
discussion  of  the  Pathological  Anatomy  of  Eye  Diseases  tends 
to  divert  attention  from  their  clinical  aspects.  The  objective 
examination  of  the  eye,  and  the  subjective  examination  of  its 
functions,  are  capable  of  affording  sufficient  information  for  all 
practical  purposes.  The  clinical  study  can  therefore  very  well 
be  carried  on  without  much  attention  to  the  details  of  Pathology. 
In  Section  I.  of  this  work  the  basis  of  descriptions  given  is 
entirely  clinical  The  arrangement  of  chapters  is  perhaps  some- 
what different  from  that  usually  followed  in  similar  treatises. 
Thus,  separate  chapters  have  been  devoted  to  "  Foreign  Bodies 
in  the  Eye,"  "Sympathetic  Ophthalmitis,"  and  "Intraocular 
Tumours."  The  two  former  are  subjects  of  so  great  practical 
importance  that  I  have  thought  it  right  thus  to  emphasise  them; 
all  the  more  that  they  have  frequently  not  received  adequate 
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notice  in  text-books.  Intraocular  Tumours,  though  of  compara- 
tively rare  occurrence,  are  interesting  to  most  Ophthalmic 
Surgeons,  and  the  subject  has  received  sufficient  attention  to 
fall  naturally  under  a  special  chapter. 

In  Section  IT.,  which  includes  the  chapters  on  Refraction, 
on  the  Ocular  Muscles,  and  on  the  Methods  of  examining  the 
Eye,  the  subjects  have  been  treated  in  a  manner  which  may 
be  looked  upon  by  some  as  not  purely  practical  One  of  the 
most  essential  parts  of  the  work  of  an  Ophthalmic  Surgeon 
consists  in  the  diagnosis  and  treatment  of  optical  errors,  and 
to  fit  him  for  this  work  a  special  theoretical  knowledge  of 
Refraction  is  indispensable.  An  accurate  knowledge,  too,  of 
this  branch  of  Ophthalmology  is  of  the  utmost  importance 
to  him — not  so  much  in  order  that  he  may  be  able  to  correct 
errors  of  Refraction  which  are  supposed  to  have  some  bearing 
on  more  general  and  obscure  diseases — a  connection,  uninten- 
tionally no  doubt,  greatly  exaggerated — but  in  order  that,  in 
the  consideration  of  any  existing  visual  defect,  he  may  be  able 
to  eliminate  the  possible  factor  of  optical  error.  As  regards 
the  chapter  on  the  Ocular  Muscles,  the  subject  is  one  which  is 
usually  treated  in  rather  a  cursory  manner.  Anything  like  a 
full  discussion  of  it  necessarily  involves  a  certain  amount  of 
speculation.  The  more  theoretical  portions  are  therefore,  like 
the  explanatory  portions  in  the  preceding  and  following  chapters, 
printed  in  smaller  type. 

In  order  to  avoid  repetition,  and  to  facilitate  reference  to 
Operations  which  are  performed  for  several  different  affections 
of  the  Eye,  all  the  principal  Operations  are  discussed  in  the 
last  chapter,  which  constitutes  Section  III. 

For  a  knowledge  of  much  that  has  been  of  the  greatest  use 
to  me  in  the  practice  of  my  profession,  I  am  indebted  to  Professor 
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Hansen  Grut  of  Copenhagen.  His  teaching  has,  I  feel,  largely 
influenced  me  in  the  treatment  of  many  of  the  following 
chapters,  and  I  have  particularly  to  thank  him  for  a  personal 
revision  of  some  of  the  chapters,  and  for  many  valuable  sug- 
gestions in  connection  with  them,  of  which  I  have  availed 
myself. 

To  Dr.  Chamley  of  Shrewsbury  my  best  thanks  are  due  for 
revising  the  chapter  on  Refraction,  and  verifying  the  formulse 
contained  in  it.  Mr.  Gunn,  too,  has  kindly  looked  over  the 
chapters  on  the  Diseases  of  the  Choroid  and  Retina.  I  have 
further  to  thank  Drs.  Symington  and  Hill  Griffith  for  the  loan 
of  anatomical  specimens  from  which  some  of  the  drawings  are 
taken,  and  my  former  clinical  assistant,  Dr.  Scott,  for  assisting 
me  in  reading  the  proofs.  All  the  coloured  drawings  have  been 
made  from  life  by  Dr.  Tatham  Thompson  of  Cardiff.  They  will, 
I  hope,  prove  useful  to  those  who  may  not  be  in  the  way  of 
seeing  a  number  of  actual  cases.  Owing  to  Dr.  Tatham  Thomp- 
son having  left  Edinburgh  before  he  had  had  time  to  finish  the 
series  of  drawings,  I  have  not  been  able  personally  to  select  all 
the  cases  represented.  I  cannot  therefore  claim  for  them  that 
they  are  altogether  aa  illustrative  as  might  have  been  desirable. 
They  are,  however,  truthful,  and  at  the  same  time  artistic 
representations  of  actual  cases. 

During  the  preparation  of  this  work  I  have  not  only  had  to 
draw  on  my  memory  for  much  information  derived  from  the 
works  of  others,  but  in  many  cases  to  consult  those  at  the  time. 
It  could  hardly  serve  any  useful  purpose  were  I  to  attempt  a 
detailed  enumeration  of  these.  But  a  list  is  appended  of  those 
works  from  which  I  have  most  largely  borrowed,  viz. — Ophthal- 
mic Hospital  Reports ;  Von  Graefe's  writings ;  Helmholtz's 
Physiological  Optics;  Leber  on  the  Retina  and  Optic  Nerve; 
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Transactions  of  the  Ophthalmological  Society ;  Sattler  on  Pulsat- 
ing Tumours  of  the  Orbit  and  Graves*  Disease ;  Fuchs  on  Uveal 
Sarcoma ;  Works  on  Glaucoma  by  Arlt,  Schnabel,  and  Priestley 
Smith;  Articles  on  Strabismus  by  Alf.  Graefe  and  Hansen 
Grut;  Berlin  on  Diseases  of  the  Orbit;  Papers  on  Lachrymal 
Affections  and  Inflammation  of  the  Cornea  by  Hansen  Grut. 
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CHAPTER    L 

KXAMIXATION  OF  THE  EYE. 

The  systematic  examination  of  the  eye  must  be  both  sub- 
jective and  objective.  In  the  subjective  examination  we  have 
to  question  the  patient  as  to  any  abnormal  sensations  which 
he  may  experience.  We  have  also  to  determine  by  suitable 
tests  how  far  the  performance  of  the  different  visual  func- 
tions, monocular  as  well  as  binocular,  is  in  accordance  with 
the  normal  standard.  By  the  objective  examination  a  more 
complete  explanation  may  be  found  of  the  cause  of  any  abnor- 
malities which  are  revealed  by  subjective  tests. 

Considerable  experience  is  sometimes  required  to  know  how 
far  the  result  of  subjective  examination  is  in  accordance  with, 
and  can  be  explained  by,  what  may  be  found  objectively.  For 
instance,  the  question  often  arises — Does  a  certain  degree  of 
blindness  correspond  to  certain  opacities  in  the  cornea  or  lens  ? 
Again,  there  may  be  very  marked  ophthalmoscopic  changes  pro- 
ducing bttle  or  no  visual  effect,  whilst  very  serious  defects  of 
vision  are  sometimes  due  to  changes  which  might  readily 
escape  observation. 

Both  the  objective  and  subjective  examinations  of  the  eye 
should  be  made  in  a  routine  manner.  This  can  be  adhered 
to  after  a  little  practice  without  any  sacrifice  of  time,  and 
prevents  any  existing  defects  or  abnormalities  from  being  over- 
looked. On  the  whole  it  is  advisable  to  complete  the  subjective 
before  proceeding  to  the  objective  examination.  But  there  are 
certain  preliminary  points  in  an  objective  examination  to  which 
1 


EXAMINATION  OF  THE  EVE, 

attention  should  first  be  given.  For  instance,  an  inspection 
may  be  rapidly  made  of  the  lids,  conjunctiva,  cornea,  and  iris, 
and  thu  intrnociilnr  teuHion,  Ktutii  of  niiiHtniLir  t*quiljbnimi  am! 
power  of  convergence  <leternnned.  before  the  subjective  exam- 
ination is  begxin.  After  the  visual  acuity  of  each  eye  has  been 
noted,  and  any  other  subjective  test  which  may  be  considered 
necessary  applied,  the  objective  examination  may  be  continued 
in  the  dark  room,  tirst  by  examining  the  cornea,  iris,  and 
anterior  surface  of  the  lens  by  obUque  iUumiiiatiou,  then  by 
reflecting  liglit  with  the  ophthalmoscope  into  the  eye  to  ascer- 
tain the  transparency  of  the  other  dioptric  media,  and  finally 
by  obtaining  an  ophthiilmoscopic  imaj^e  of  tlie  ditferent  jjarts 
of  the  back  of  the  eye.  i 

Preliminary  Objective  Examikation. 

By  inspection  of  the  lids  we  note  any  abnormality  of  the  skin 
and  of  the  cilia,  also  whether  the  pnneta  lachrymalia  are  rightly 
applied  to  the  eye,  or  at  all  everted.  The  position  of  the  lids 
witli  respect  to  the  eyes  should  be  noted.  By  causing  the 
patient  to  move  the  eyes  upwards  and  downwards  any  abnor- 
mality in  the  lid  movements  may  be  detected.  By  placing  the 
finger  or  thumb  on  the  skin  of  the  lower  lid  and  slightly  pulling 
it  down,  while  the  patient  is  directed  to  look  up,  the  lower  lid 
is  everted,  and  the  conjunctival  surface  brought  into  view.  If 
this  be  normal  in  api>earai)ce  it  is  unnecessary  to  examine  the 
inner  surface  of  the  npper  lid,  but  should  the  lower  be  injected 
or  inflamed,  or  should  there  be  any  affection  of  the  cornea  or 
history  of  any  foreign  body  having  struck  the  eye,  the  upper  Ud 
must  also  be  everted.  This  is  done  by  raising  the  lid  with  the 
thumb  of  the  one  hand  applied  to  its  outer  surface,  so  ns  to 
cause  the  eyelashes  to  project  forwards.  The  cyehishes  are  then 
grasped  between  the  forefinger  and  thumb  of  the  other  hand,  and 
the  lid  in  this  way  jmlled  downwards  ami  forwards,  while  the 
patient  is  told  to  look  down.  At  the  same  time  the  skin  below^ 
the  iirst  thumb,  which  is  slightly  raised  from  its  former  positioi 
is  pressed  downwards.  Finally,  a  movement  of  rotation  upwi 
of  the  other  hoKHug  the  margins  of  t!ie  lid,  is  made  round  it 
fulcrum.  This  causes  the  conjunctival  surface  to  spring  into  viei 
and  the  more  completely  the  more  the  eye  is  directed  downwi 


OBJECTIVE  EXAMINATION,  % 

Attention  should  also  Im?  paid  to  the  condition  of  the  Uar  sac, 
over  which  pressure  may  be  made  in  order  to  see  whether  or 
not  any  regtirgitutiou  t«kea  place.  The  importance  of  this  is 
explained  in  the  chapter  on  diseases  of  the  laclirymal  apparatus. 

Inspection  of  the  cornea  iiniy  he  rendered  ditficult  by  tlie  more 
or  less  convulsive  closure  of  the  lids.  This  is  of  itself  an  indi- 
cation that  there  is  some  irritation  or  iuflamiaatiou  of  the 
cornea.  Under  such  circumstances  the  eye  should  be  opened 
by  separating  the  lids  with  the  tinger  tips  applied  to  the  lid 
margins.  Attempts  to  separate  the  lids  with  the  fingers  other- 
wise than  by  securing  the  margins  may  be  either  altogether 
unsuccessful,  and  merely  result  in  their  eversion,  or  may  not 
sufficiently  expose  the  cornea.  Desmarrea'  elevators  (Fig.  1) 
Hhould  l>e  used  when  there  is  a  danger  of  bursting  an  ulcerated 
cornea.  One  elevator  is  inserted  carefully  under  each  lid  and 
the  eye  opened  by  drawing  them  apart,  avoiding  at  the  same 
time  any  pressure  on  the  cornea. 


Fio.  1. — DemuuTw'  Retractor. 


When  the  patient  is  placed  facing  a  window  any  irregularity 
of  the  cornea  is  readily  seen  by  the  distorted  image  of  the 
window  rellectiHl  from  tlic  defective  portion  of  the  corneal  sur- 
face. To  oliserve  this  the  patient  is  made  to  follow  the  examiner's 
finger  as  it  is  moved  in  diflerent  directions. 

The  intraoculnr  tcmion  may  be  tested  by  gently  pressing  the 
tips  of  the  two  forefingers  on  the  eye  through  the  upper  lid, 
while  the  patient  looks  down.  By  alternately  varying  the 
degree  of  pressure  of  first  the  one  and  then  the  other  on  the  eye, 
some  idea  is  obtJiined  of  the  resistance  which  it  offers.  Another 
and  often  more  satisfactory  way  is  to  cause  the  patient  to  look 
np,  and  apply  the  tip  of  the  forefinger  of  one  hand  ilirt^^tly  to 
the  conjunctiva  of  the  globe  below  the  cornea,  making  u  slight 
tapping  movement  without  altogether  removing  the  linger  from 
the  eye.  The  interpretation  of  the  impressions  thus  conveyed 
to  the  finger  is  referred  to  in  the  chapter  on  glaucoma. 


EXAMINATION  OF  THE  EYE. 

Tlie  condition  of  dynamic  cq^dlihriwm  of  the  tjctemnl  musda 
of  the  eye  is  determined,  iis  far  as  is  necessary  for  practical 
purposes,  by  ciiusing  the  patient  to  fix  a  distant  object  aIU;r- 
nutely  with  either  eye,  whilst  the  observer's  hand  is  held  in 
front  of  the  other,  and  by  noticing  vvheUuTimy  movement  takes 
place  in  the  eye  whicli  has  been  occluded  on  removal  of  the 
hand.  If  the  eye  be  then  moved  inwards,  there  must  have  been 
a  (iiverrrence;  if  outwards,  a  convergence  of  the  axes  when  it 
was  excluded  from  iixatiou.  A  more  delicate  and  at  the  sam*j 
time  easily  applied  test  is  with  a  glass  rod  (Maddox's  test). 
This  test,  the  different  conditions  nict  with,  and  their  bearing 
on  the  pathology  of  the  ocular  muscles,  are  discussed  in 
Chapter  XVII. 

The  iftynx  of  coni'tirf/finre  is  tested  l)y  cai:sing  the  j»atient  to 
fix  a  small  object  which  is  gradually  approaclied  to  his  face,  and 
then  noticing  the  shortest  distance  up  to  which  the  two  axes 
continue  to  he  directed  towards  it. 

SuBJECxrvE  Examinations. 

Vistial  acuity. — One  of  the  most  important  points  to  deter- 
mine in  all  cases,  and  one  which,  whatever  be  tlie  complaint  of  tht» 
I)atient,  should  be  tested  iis  a  matter  of  routine,  is  the  degree  of  his 
visual  acuity.  This  liltould  be  tested  for  eacli  eye  separately.  The 
visual  acuity  is  inversely  proportional  to  the  smallest  visual 
augle  unilcr  which  two  objects  still  give  rise  to  distinct  separate 
impressions.  As  the  degi'ce  of  absolute  illumination  is  of 
iniluence  on  l!ie  acuity  of  vision,  the  ordinary  test  for  tlie  fona^ 
sense  should  be  made  under  a  good  illumination,  such  us 
afforded  by  ordinary  daylight  or  the  light  from  a  good  gas  burnerJ 
placeii  close  to,  auil  retlcctfd  on  to,  the  object  serving  ai>  a  les^ 

It  has  been  fouml  by  experiment  that  two  black  objects  on 
white  ground,  if  properly  illuminnteil,  can  be  seen  by  the  normal 
eye  as  discrete,  when  separaU'd  by  a  space  which  subtends  nnj 
angle  of  1'  wth  the  eye.     That  is  to  say,  if  the  \'isual  angle  (in  tboj 
figure,  angle  A  or  B)  is  espial  to  1\     This  limit,  though  not  in  al 
cases  the  very  lowest,  is  found  Ut  be  sufticiently  low  to  form  thai 
basis  for  a  practicid  scale  of  visual  acuities.     When  the  eye  isi 
capable  of  this  degree  of  discriminating  power,  it  is  consideredj 
to  have  full  visual  acuity.      If  the  smallest  angle  be,  on  tl 
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contrary,  only  2',  3',  4',  the  visual  acuity  is  correspondingly  ex- 
pressed by  the  fractions  \y  \,  and  \. 

Various  test  objects,  prepared  according  to  the  principle  just 
explained,  are  in  use  for  the  practical  determination  of  the 
acuteness  of  vision.  That  most  conunonly  used,  and  which  has 
been  found  to  be  sufficiently  accurate  for  practical  purposes,  is 
the  set  of  test  types  introduced  by  Snellen,  and  generally  known 
as  Siullen\  test  types.  These  consist  of  a  number  of  letters  of 
the  alphabet,  or  other  figures,  painted  black  on  a  white  back- 
ground. They  are  so  formed  that  their  height  subtends  an  angle 
of  5',  while  the  spaces  separating  those  portions  which  must  be 
seen  as  discrete  parts  in  order  that  the  shape  of  the  figure  may 
be  recognised,  subtend  angles  of  1'  at  the  distances  at  which 
they  should  be  read  by  any  one  possessing  normal  visual  acuity. 


Fio.  2. — Diagram  of  visual  angle. 

A  series  of  such  letters  or  figures  arranged  as  liuee,  the  letters 
in  each  line  being  the  same  size,  wliile  there  is  a  differ- 
ence in  the  size  of  those  in  consecutive  lines,  constitute  the 
set  of  test  types.  Above  each  line  is  placed  a  number,  which 
indicates  in  feet  or  metres  tlie  distance  at  which  the  letters 
should  be  read.  The  number  of  lines  usually  employed  is 
seven.  Of  these  the  one  containing  the  smallest  letters  ought 
to  be  recognised  at  20  feet,  and  the  others  should  with  the  same 
visual  acuity  be  recognisable  at  30,  40,  50,  70,  100,  and  200 
feet  respectively.  Other  tables  have  the  distances  marked  in 
metres,  the  smallest  letters  being  recognisable  at  6  metres,  and 
the  others  at  9,  12, 18,  24,  36,  and  60  metres  respectively.  The 
smallest  letters  are  taken,  therefore,  of  such  a  size  that  it  is 
possible  to  place  a  patient  at  a  distance  from  them  which  can  be 
conveniently  obtained  in  most  consulting  rooms.    Wheretheroom 
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is  considemblv  loss  than  20  feet,  or  6  metres  iu  len^li,  an  adili 
tional  line  containing  letters  recognisable  at  15  feet  may  be  added. 
With  the  ait!  of  Snellen's  test  types  the  degree  of  \'i3ual 
acuity  can,  with  sutlicient  accuracy,  be  expressed  as  a  fraction, 
the  denominator  of  which  is  the  number  giving  either  in  feet 
or  raeti-es  tlie  distance  at  which  the  smallest  type  legible  by 
the  patient  ou^ht  to  be  read,  and  the  numerator  that  which 
on  the  same  scale  indicates  the  distance  at  which   the  indi- 
vidual tested   is  placed  from  the  test.     Thus,  if  at  20  feet 
distance   the   line  marked   TO,  and  which   slunild  therefore  l»e 
recognised  at  70  feet,  can  only  just  bo  made  out,  the  acuity 
of  vision  is  fj,  or,  as  it  is  often  written,  V  =  f^.     If  the  patient 
has  to  approach  3  feet  nearer  before  being  able  to  read  that 
same  line,  V  =  ^^,  and  so  on.     When  none  of  the   types  are 
seen  at  20  feet, — that  is,  when  (as  the  largest  should  be  seen  at 
200  feet)  the  vision  is  less  than  n-cSj,  the  fraction  expressing  il 
may  be  found  by  ajiproachitig  ncurcr  and  nearer  to  the  tyi>es. 
If    For   instance,  the  largest  type,  and    that  alone,  were    tiret 
recofruisable  at  5  feet,  the  acuity  of  vision  in  such  a  case  would 
be  repre.Hentcd  by  t^^.     Tu  cases  where  the  vision  is  very  bad, 
it  ia  customary  to  note  the  distance  at  which  the  outstretched 
fingers  can   be  counted  against  the  dark  background  of   tin 
examiner's  coat,  the  result  being  noted  as  follows:  V  =  fingers 
3  feet,  or  at  8  feet,  as  the  case  may  be.     "VMien  Ihe  vision  ia 
far  reduced  that  fingers  cannot  be  counted  even  when  close  u; 
to  the  eye,  but  yet  the  movements  of  the  hand  perceived,  V  i 
said  to  equal  movements  of  the  haml     This  is  often  deno 
thus:  V  =  hand-rctlex.     When   even   this  degree  of   acuity 
not  present  tliere  may  still  be  perception  of  light,  or  V  =  per- 
ception of  light  (or  V  =  P.L).  jl 
Tlie  acuity,  as  tested  by  Snellen's  test  types,  may  not  in  all™ 
cases  lead  to  expressions  which  are  very  strictly  comparabll^ 
and,  therefore,  for    purposes  of   scientific  investigation,  where 
great  accuracy  Ls  aimed  at,  other  test  objects  may  be  used.     On^H 
of  the  best  of  these  are  Bo  re hardt's  so-called  international  testa^ 
composed  of  a  number  of  dillerently  arranged  dots,  which  should 
be  counted  at  different  distances.     The  inaccuracy  connected 
with  the  ordinary  Snellen's  types  lies  mainly  iu  the  possibility 
of  guessing  what  they  are  before  they  are  very  distinctly  seen, 
a  power  which  tlie  educated  possess  in  a  liigher  degree  than  th 
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ilKterate,  so  that  two  individuals,  with  really  the  same  acuity, 
mij^ht  present  apparent  ditterencea  when  the  test  is  made  with 
letters  of  the  alphabet  or  other  familiar  figures.  The  main 
object,  however,  in  making  the  test  is  to  ascertain  at  diderent 
Limes,  either  in  the  course  of  any  disease,  or  with  and  without 
optical  correction,  the  degree  of  acuteness  of  vision  in  any 
particular  case.  This  is  for  practical  purposes  sufficiently, 
accurately,  and  most  rapidly  determined  by  Snellen's  test  types, 
which  have  attained  a  popularity  very  much  greater  than  other 
similar,  and  in  most  cases  less  accurate,  tests. 

Bessides  the  acuity  of  vision,  or  the  acuity  of  the  sense  of 
form,  two  other  functions  of  the  centnd  portion  of  the  retitia 
sometimes  c^dl  for  investigation,  viz.,  the  colour  vision  and  the 
sense  of  light,  independently  of  form  and  colour. 

The  method  of  testing  the  central  colour  i^wio^i  is  fully  dis- 
cussed under  colour  blindness  in  Chapter  XIV. 

Liffht  St7hii\ — When  an  examination  of  the  lif/ht  sttute  is  made, 
it  is  necessary  to  gain  information  Mrith  respect  to  two  different 
points:  (1.)  The  amount  of  illumination  which  is  just  sutticient 
to  give  rise  to  a  sensation  of  light ;  and  (2.)  the  .smallest  diller- 
ence  between  two  intensities  of  illumination  which  is  capable  of 
being  distinguished.  It  is  difficult  to  make  the  examination  in 
such  a  way  as  to  clearly  discriminate  betweeii  pure  seusiitions 
of  light  and  mLxed  sensations  of  light  and  form,  as  they  all  but 
invaiiably  present  themselves  to  our  ctmsciousnoss.  But,  in 
the  examination  of  the  light  sense  as  in  all  other  s»d)jectivo 
examinations,  whatever  their  nature,  our  object  is  not  to  get 
athematically  accurate  results,  as  that  is  impossible,  but  only 
ch  for  which  the  limits  of  error  are  not  too  wide  for  practical 
purposes. 

The  first  element  in  the  light  sense  is  most  conveniently 
tested  by  means  of  Foerster's  photometer.  With  it  the  degioes 
of  absolute  illumination  required  to  render  a  particular  ol>jcct 
only  just  visible  is  measured.  The  result  thus  obtained,  when 
compared  with  the  normid  standard  under  similar  conditions, 
enables  us  to  express  the  acuity  of  the  light  sense  in  the  form 
of  a  fraction. 

Foewter'B  photometer  consists  of  n  rectangular  box  one  foot  long 
and  mthcr  less  than  a  foot  m  brciidth  und  heijjht,  blackened  inside, 
and  fixed  U.*  an  adjustable  stand.     To  one  side  of  onu  of  the  ends  of 
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this   box,   two  aperturftR,  prolonged  outwanls  into  Rhort    projectiug 
tubes,  are  plnced  for  the  eyes  to  look  tbrouj^h.     At  the  side  of  thew 
apertures  is  tlie  arrangement  for  illumiuatiiip;  tlie  interior  of  the  box. 
This  consist**  of  a  stundard  caiidb^  kept  always  at  the  same  height  by- 
means  of  a  spring,  and  placed  at  a  slmrt  ilist^ince  from  the  hole  or 
window  in  the  Iwx.     The  size  of  tliiw  window  (which  is  coveretl  with 
white  jjapi-r),  and   consetjuentlv  the  arnuunt  of  li^ht  which   enters  the 
box,  is  regulated  by  an  adjustable  rc'cLanjiTiilur  diaphragm,  the  centre, 
of  wliich  always  remains  in  the  same  position,     By  knowing  tlie  areaj 
of  this  iliaphragm  it  is  easy  to  calculate  the  corresjionding  degree*] 
of  illumination.     At  tlie  other  end  of  the  box  is  placed  the  object  to 
be  recogniised, — most  conveniently  a  couple  of  t*(]uare«  of  white  paper] 
about  one  inch  apart,  and  also  alvmt  one  inch  in  size. 

A  difficulty  in  connection  with  idl  methods  for  determining 
the  miniiinini  perceptildc  (jnaiitity  of  li^dit  arises  from  the 
enormous  degree  to  which  LliuL  ([luiiitity  varies,  according  \a 
what  is  known  as  the  state  of  adaptation  of  the  retina.  The 
sensitiveness  to  liirlit  is  niiuiy  liuiidred  times  loss  when  the  eye 
has  been  exposed  for  some  time  to  strong;  daylight,  than  it  is 
when  it  has  been  for  some  time  entirely  kept  in  the  dark. 
Pnictically,  then,  the  unit  mnst  l>e  taken  from  a  comparison 
with  one's  own  light  perception  under  tlie  same  conditions,  and 
with  proper  care  that  the  patient  examined  understands  tb 
nature  of  the  test  which  is  beimj  made. 

The  second  element  in  the  liglit  sense,  the  power  of  dis 
criminating  between  impressions  of  difiercnt  intensity,  may  be 
tested  by  means  of  what  is  called  Masson's  disc. 

This  consists  of  a  disc  of  wliitc  cai\lboanl  fixed  at  its  centre  to 
apy>ai*alus  of  multiplying  wheels,  by  which  it  can  be  rapiiUy  rotated 
on  its  axis.  On  the  white  surface  are  painted  a  number  of  black 
marks,  which  are  of  such  a  slmpe  a.s  t«  form  ]>ortions  of  sectors  of  the 
disc  of  ditferent  sizes.  These  black  sectors  protlucc,  on  rapid  rotation 
of  the  disc,  a  numljcr  of  grey  rings,  the  intensity  of  winch  varie*. 
Thus  the  difference  of  intensity  betwetMi  the  Hght  reflected  fmm  the. 
white  .surface  alone,  and  the  gruy  rings  produred  hy  the  combinatio: 
of  the  blending  of  the  impres^^ions  from  it,  and  a  black  sector  of  4° 
practically  Vio  ;  with  a  sector  of  G"  it  is  '/•«,  and  ho  on,  the  ditferenc 
of  intensity  in  background  and  ring,  or 

Although  thp  nnrmal  power  of  distinguishing  between  degrees 
intensity  varies  with  the  absolute  ilhmnnation,  tlip  amount  of  suci 
variation  is  slight,  and  does  not  cause  any  diliindty  in  t)>e  examini 
tion,  the  result  of  which  eon   always  be  conlrulled  by  a  compiii 
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with  what  one  sees  oneVself.  The  rings  should  be  of  considerable 
breadth,  not  less  than  half-inch,  so  that  their  visibility  at  the  distance 
of  one  foot  may  be  independent  of  the  acuity  of  vision  in  any  case 
where  the  test  is  at  all  applicable.  If  under  any  particular  illumina- 
tion the  examiner,  who  has  no  defect  of  the  light  sense,  can  just  see 
the  ring  fonned  by  the  sector  of  a;**,  while  the  last  seen  by  the  indi- 
vidual examined  is  y°,  the  fraction  representing  the  acuity  of  this 
element  of  light  sense  may  be,  for  purposes  of  comparison,  conveniently 

taken  as  — . 

y 

If  we  leave  out  of  consideration  the  question  of  the  light 
sense  for  the  peripheral  portions  of   the  field  of  vision,  the 


Fio,  3. — MaBBon's  Disc  (one-fourth  diameter). 

accurate  examination  of  which  is  in  any  case  a  matter  of  some 
difficulty,  there  seems  no  reason  why  any  attempt  should  be 
made  to  altogether  dissociate  the  light  and  form  senses.  It  is 
sufl&cient  for  practical  purposes,  as  was  first  pointed  out  by 
Bjerrum,  to  recognise  the  abnormal  manners  in  which  the  form 
sense  is  influenced  by  the  conditions  of  illumination.  It  is  a 
matter  of  experience  that  where  the  minimum  perceptible  degree 
of  illumination  is  very  appreciably  greater  than  normal,  a  marked 
diminution  in  the  visual  acuity  is  found  under  an  illiunination 
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which  either  does  nat  at  all  aflect,  or  it  may  be  only  slightly 
affects,  the  acuity  of  tlie  normal  eye.  It  is  evident,  too,  tliat  an 
eye  which  is  very  deficient  in  the  appreciation  of  differences  of 
intensity  of  illumination  will  he  influenced  in  its  visual  acuity 
for  objects  the  separate  and  distinguishable  j>arts  of  which  are 
not  strong!}' contrasted  in  tlieir  relative  lumimisity.  One  of  the 
simplest  practical  methods,  then»  of  testing  the  first  element 
of  the  light  sense  is  to  dimiuiyli  the  iUuniinatiou  until  it 
just  begins  to  affect  the  acuity  of  one's  own  (presumably 
normal)  eye.  An  equally  practical  test  for  the  second  element 
exists  in  Bjerrum's  test  types,  which  consist  of  Snellen's  typca 
printed  grey  on  grey.  The  contrast  between  the  letters  and  the 
background  is  much  less  than  for  the  ordinary  types,  wliich  an 
printed  black  on  white. 

For  the  determination  of  the  acuity  of  the  light  sense  inl 
cases  of  cataract,  a  form  of  photometer  employed  by  von  Graefe: 
is  useful  in  doubtful  cilscs.  This  photomeLer  cimsiHts  merely  of 
a  darkened  box,  in  the  inside  of  which  is  a  candle,  and  on  one! 
side  of  which  is  a  window  of  milk  glass,  the  size  of  which  caa 
be  regulated  at  will 

Tlvt  visum  of  the  penpheral  portiims  of  the  retina  may  b^ 
defective  with  respect  to  all  or  any  of  the  senses  of  form,  colour, 
and  light.  As  tlie  nature  of  such  defects  often  throws  light  oa 
the  diagnosis  and  prognosis  of  a  case,  the  testing  of  the  peripheral! 
retinal  functions  takes  an  important  place  iu  the  subjective! 
examination  of  the  eye. 

Peripheral  vision  may  he  defective  in  continuity  or  in  acuity: 
often  there  is  a  defect  in  both  respe<!ts  at  the  same  time,  that  ia 
to  say,  that  the  most  periplieral  portions,  where  the  normal 
acuity  is  least,  may  have  their  acuity  reduced  to  0,  while  the 
same  course  of  impairment  reduces,  but  does  not  altogether 
abolish,  the  acuity  of  the  more  central  portions.  But  besidea 
regular  interruptions  in  the  continuity  of  the  field  of  visioiig 
which  manifest  themselves  by  some  limitation,  in';  the  normali 
extent  of  the  field  in  some  particular  direction,  or  in  all 
directions,  irregular  breaches  in  continuity,  or  more  or  less 
blind  portions  surrounded  by  normal  or  relatively  normal  por- 
tions of  tlie  field,  are  met  with,  to  which  the  name  of  scotomatck 
has  been  given. 

To  make  on  accurate  examination  of  the  field  of  vision  it  is 
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to  make  use  of  some  sort  of  perimeter.  Such  an 
ion  takes  some  little  time,  and  is  ouly  called  for  ia 
m  cases.  A  rough  examinutiou,  which  ia  sutticient  for 
the  (IclerminatioD  of  any  existing  limitation  in  the  peripheral 
b<  '  >  of  the  field,  nhould  l>e  made  as  much  u  matter  of 
r-  the  tukiiig  of  the  central  visual  acuity.     It  may  lie 

made  in  the  following  manner.  The  patient  is  placed  with  ins 
back  to  the  light,  and  facing  the  obseiTcr.  He  is  directed  to 
cover  one  eye  witli  his  hand^  and  to  fix  .steadily  with  tlie  other 
the  eye  of  the  observer,  which  is  directly  opposite  his  own; 


Fic.  4.— Dugram  of  Field  of  Vuion. 

T,  if  the  left  W  the  one  to  he  examined,  the  patient  fixes 
I'lus  left  eye  the  ri^lit  eye  of  the  observer,  whilst  the 
obflerrer  at  the  same  tin»e  fixes  with  his  rij^dit  eye  the  patient's 
left.  In  this  |x»sition  there  is  obviously  a  plane  at  right  angles 
to  the  ctimmun  line  of  fixation,  and  cutting  that  line  at  its  mid- 
point, any  point  on  which,  provided  rays  from  it  enter  the  two 
eyes,  will  have  an  image  at  corrcnpondingly  situated  points  on 
the  two  retina*.  If,  therefore,  the  observer,  on  moving  Ins  hand 
in  may  direction  in  this  plane  from  or  towards  the  middle  of  the 
lise  of  fixation,  finds  that  it  disappears  from  or  comes  into  his 
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own  and  the  patient's  view  simultaneously,  it  follows  that  their 
fields  of  vnsion  are  co-extensive  in  tliat  lUrection.  A  test  in  this 
manner  can  be  rapidly  made  in  all  direetions.  and  a  want  of 
coincidence  of  the  two  fields  in  any  or  all  directions  be  easily 
discovered.  This  method  of  testing  is  only,  however,  a  qualita- 
tive one,  in  so  far  as  by  it  the  existence  and  not  the  extent  of 
;i  limitation  is  deterniined. 

F<ir  tlie  purpose  of  obtaining  more  accurate  me*isureinents 
of  the  positioi»  and  extent  of  any  deviations  from  the  normal 
character  of  the  lield  of  vision,  as  well  as  of  estimating  the 
periplieral  visual  acuity,  a  perimeter  is  required.  The  result  of 
a  perimeter  examination,  too,  is  most  conveniently  recorded  ou 
a  clmrt,  which  consists  of  a  number  of  concentric  circles,  the 
radii  of  which  increase  by  au  equal  amount,  and  a  number  of 
radiating  lines  from  their  common  centre.  Tlie  circles,  of  which 
there  are  usually  nine,  represent  at  intervals  of  10"  the  angular 
aperture  of  the  field ;  tlie  lines  the  different  meridians.  In  the 
charts  commonly  used  the  centre  of  the  figure,  therefore,  corre- 
sponds to  the  point  of  fixation,  whilst  the  concentric  circles 
represent  the  portions  of  the  tiehi  whose  retinal  images  are  equi- 
distant in  all  directions  from  the  fovea.  If  there  be  auy  doubt 
as  to  the  restriction  of  the  field  in  any  }>articular  case,  the 
examination  is  l)est  made  iii  a  subdued  light,  the  intensity  of 
which  is  a  little  greater  than  that  which  begins  to  tell  on  the 
normal  field.  This  is  a  sort  of  compromise  between  the  examina- 
tion of  the  light  and  form  senses,  which  is  of  considerable  ^ 
practical  importance.  ■ 

The  normal  extent  of  the  field  of  vision  is  subject  to  variation 
at  the  upper  and  also  (thougli  to  a  less  extent)  at  tlie  inner  i)arta> 
owing  to  individual  peculiarities  in  the  size  and  shape  of  the 
eyebrows  and  nose.  The  jihysiolngiral  limits  mny  bt»  taken  to  be 
as  follows  : — Upwai'ds,  45';  upwards  and  outwards,  50^  to  55''; 
outwards,  90°  (often  slightly  more) ;  outwards  and  downwards, 
80"  to  85';  downwards,  70° ;  downwards  and  inwards,  GO"'  (vari- 
able on  account  of  the  nose);  inwards,  55  to  00  ;  inwards  and 
upwards,  55^  The  extent  of  the  field  upwards,  and  upwards 
and  inwards,  is  found  to  be  5''  to  15  greater  wlien  the  point  of 
fixation  is  situated  20"*  or  30 '  from  the  ciuitre  of  the  perimeter 
in  the  opposite  direction.  This  has  to  be  borne  in  mind  when 
there  is  a  doubt  as  to  whethLT  or  not  there  is  limitation  in  this 
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region-  Thus,  should  the  exploration  with  the  centre  of  the 
perimeter  as  point  of  fixation  only  give  an  angular  dimension 
of  40''  for  tlie  peripheral  extension  of  the  tield  upwards,  we 
shonld  not  always  be  right  in  assuming  a  eontraction  in  tliis 
direction,  unless  no  increased  measurement  resulted  from  testing 
with  a  lower  point  of  fixation. 

The  simplest  form  of  perimeter  consists  of  a  black  board  and 
a  semicircular  arm  of  blackened  metal,  of  one  foot  radius^  from 
the  middle  point  of  the  convex  surface  of  which  there  is  u  pro- 
jection which  fits  into  a  hole  in  the  board,  and  permits  of  the 
ai*m  being  rotated  round  its  own  diameter,  that  is,  round  a  line 
at  right  angles  to  the  board.  Radiating  lines  iu*e  scratched  or 
cut  on  the  btiard  from  the  central  hole,  and  separated  by  detinite 
angular  distances  (30°  or  4o').  These  indicate  the  position  in 
which  the  semicircular  arm  is  to  be  placed  for  any  particular 
3neri<lian  in  wliich  the  extent  of  the  field  has  to  be  tested  The 
arm  itself  is  graduated  in  degrees  by  lines  5'  apart,  and  starting 
from  0"  at  the  centre  to  90 '  at  either  end.  The  patient  is  seated 
in  front  of  the  iierimeter,  with  his  cliin  resting  on  a  support  so 
arranged  that  the  eye  to  be  examined  comes  to  occupy  a  position 
at  the  centre  uf  the  semicircular  arm,  or  as  nearly  as  possible 
one  foot  from  the  point  of  fixation.  The  observer  causes  a  white 
object — e.g.  a  square  of  white  paper  at  the  end  of  a  small  black 
rod  —  to  travel  along  the  arm,  and  notes  when,  whilst  the 
patient  fixes  the  middle  of  the  arm,  it  ceases  to  be  seen  if 
moved  from  the  centre  outwards,  or  first  comes  into  view  if 
moved  in  the  opposite  direction.  Tlie  two  points  tlms  found  to 
either  side  of  the  centre  in  each  meridian  are  thi'u  noted  on  the 
chart,  or  recorded  in  any  other  manner  which  may  be  found 
convenient  Thus,  for  instance,  the  extent  of  the  field  in  eight 
direx»tions  along  meridians  separated  from  cncb  otiier  by  angles  of 
45'  may,  as  Priestley  Smith  has  suggested,  be  conveniently  noted 
in  the  following  manner,  which  represents  the  normal  field : — 
55     45     50  50     45     55 

^^^  90     R      60  60    L      90 

^^^P  85    70     00  60    70    85 

^rne  white  test  object  should  not,  as  a  rule,  exceed  10  milli- 
metres squaix',  and  the  observer  should  stand  in  such  a  position 
a.s  to  make  sure,  by  watching  the  jMitient  3  eye,  that  he  con- 
stantly fixes  the  centre  of  the  perimeter. 
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It  is  a  gO(vl  plan  to  have  a  few  concentric  rings  cut  on 
board  itself,  the  radii  of  which  coiTespond  to  the  projections 
it  of  the  scale  ou  the  arm.     Small  scotoiuata  (either  involvii 
or  situated  near  the  ]Miint  of  fixation),  or  the  limits  of  very  con- 
stricted lields,  can  tiieu  be  accurately  marked  out  on  the  boiird 

The  moxiniuni  ext-ont  of  the  field  of  viBion  is  oidy  got  for  ohjecta 
seen  under  a  visual  angle  of  J'  and  more.  For  smiUler  visual  auglea 
there  is  a  graiiual  diminution  in  the  size  of  the  field.  Tlie  test  objecla 
generally  employetl  in  perimetric  meiisureuientB  are  from  1  to  2  cenli- 
raetres  in  diameter,  which,  at  a  distance  of  30  centimetreii,  or  about 
the  radixis  of  tiie  pt'rirneter  arc,  correspond  to  a  visual  angle  of  from 
2"  to  4".  Their  iina^^'os  must,  therefore,  cover  many  thousands  uf 
n^tinal  elemeiit'i,  so  that  the  test  is  far  from  being  u  fine  one,  and  nut 
at  all  comparable  to  the  testa  made  for  flirect  vision.  A  useful  adi 
tion  to  tlie  usual  method  of  examining  the  field  of  vision  consii 
in  milking  use  of  wliiti.'  ubjfcts  which  subteud  a  very  small  vlsqaI 
iingio.  In  nnior,  however,  to  Im^  altle  to  work  without  difficulty  wil^ 
sutticienlly  small  visual  nngles,  it  is  necoA^ary  tu  hiive  tlie  patic 
placed  some  (iistance  from  the  plane  iji  which  the  test  objects  lie. 
methoil  of  examination  biised  on  tliis  principle  was  introduced  not  U 
ago  by  Bjemim,  and  is  capable^  in  many  cases,  of  atTording  data  of 
siderable  diagnostic  importance.  A  large  bluck  screen,  2  metres  brofttl, 
which  can  be  let  down  from  the  ceiling  to  tlie  floor,  should  be  used — 
the  screen  is  most  ('(invenicotly  placed  on  the  wall  opj>osite  the  spftce 
between  the  windows,  so  ii.s  to  get  good  light  all  roimd.  It  ha»  to  be 
pretty  large^  lus  the  projection  of  the  blind  spot  at  a  distance  of  a 
couple  of  metres,  instwvl  «>f  taeasuring  about  1  inch,  ns  on  an  ordinary 
[lerinioter,  where  the  ilistance  of  projcctiuu  is  I  foot,  or  30  centi- 
metres, meiisures  7  inches  in  diameter,  and  everything  else  is,  (A 
course,  in  the  same  jjroportion.  A  screen,  2  metres  broad,  will  admit 
of  testing  up  to  about  27*  frmn  the  point  of  fixation,  if  that  he  in  the 
ddle  of  the  screen,  v.hile,  hy  removing  the  jwiut  of  fixation  to  tb« 
ge  of  the  screen,  a  larger  field  can  bo  measured.  When  the  test 
object  is  smallt  the  central  point  of  the  screen  can  be  used,  and  this,  of 
course,  is  the  most  convenient  arningenient.  The  test  objects  used  by 
Ttjerruiii  are  small  circular  discs  of  ivory  fixed  on  the  end  of  a  long 
dull  black  rueUd  rod.  They  are  of  dilfereat  sizes,  from  U)  millimetroe 
to  1  millimetre  in  diiuueter.  The  exnrnination  is  begun  with  a  disc  of 
10  millimetres  diauietor,  at  the  ordinary  distance  (30  centimetres), 
and  ftfknvanls  continued  in  suitable  cases  with  one  3  millimetres  in 
diatneter,  at  the  distance  of  2  metres.  In  the  first  case  the  ^-isual 
angle  is  1*1%,  iu  tho  second  ri^,  or  approximately  2°  and  5'  respee- 
tivoly.  In  the  case  of  tlie  5'  visiml  angle  the  Iwundaries  of  the  nonnal 
field,  instead  of  l>eing  as  extensive  as  tliey  are  fovmd  to  bo  by  the 
ordinary  method  of  examination  (see  p.  13),  average  35'  outwards, 
30°  inwards,  28'  downwards,  and  25'  upwards.  Too  much  weight 
must  not  be  attached  to  what  appears  to  be  slight  concentric  limitA* 
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tiona  r;ot  from  on  exnmination  by  the  sniall  viaunl  anglo  Tnothtxl.  It 
is  the  irreiTulax  limitntions,  the  raoif  or  less  sector-8hiii>L>d  defects  and 
Uiiid  areas  (seotomata),  which  an^  of  the  greati.*«t  importance.  Con- 
centric limitations  are  met  with  by  this  test  as  individuid  peciiliaritiei*. 
Under  nonual  conditions,  however,  there  are  never  found  to  be 
marked  indentations  or  srotomata  in  the  diminished  fiekl.  Variiitionfl 
in  illumination,  it  must  bo  rememl>ered,  too,  iiuve  a  somewhat  greater 
influen(^c  on  tho  reBuh^  ^ot  by  lestin)^  witli  the  small  images  than  in 
the  case  of  the  ordinary  perimetric  methotl. 

Sometimefi  it  is  useful  to  test  uot  only  the  continuity  but 
also  the  tyisunl  aaiitt/  of  different  parts  of  the  field  of  vision.     If 


Fig.  5. — Periroeior  ch;irt  uf  rtL-kl  of  visiou  ;  —  for  white for  n  rt-d  and 

compleinentary  green,  -  -  •  fur  a  blue  and  LTiiiipleuivutary  yelluw. 

\n  ordinary  perimeter  be  used,  the  teat  object  for  this  purpose 
is  most  conveniently  a  figure  composed  of  two  black  squoi^es 
separated  from  each  other  by  their  own  length.  With  the 
object  of  controlling  the  statements  of  the  patients  as  to 
whether  or  not  ut  any  parlicuLir  jiart  of  the  lield  these  two 
squares  are  seen  as  distinct  objects,  a  black  rectangular  figure  of 
the  some  breadth,  but  three  times  the  length  of  the  squares,  may 
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be  alternat-ely  placed  in  the.  same  position.  Tiiia  may  readily  be 
done  by  having  the  two  tigures  on  cither  aide  of  a  piece  of  paper 
or  cardboard.  With  such  test  objects  of  different  sizes,  the  visual 
acuity  for  any  part  of  the  field  can  be  tested  and  compared  with 
that  of  the  same  p(^rtion  of  the  field  of  the  observer.  Or, 
as  is  occasionally  useful,  for  instance  in  cases  of  incomplete 
hemianopiu,  the  tiistnnce  from  the  centre  at  which  a  definitely 
sized  test  object  of  this  kind  can  be  just  made  out  is  compared 
■with  the  distance  at  which  it  is  seen  on  the  same  side  of  the 
other  eye,  or  the  opposite  side  uf  the  first  eye.  The  most  trust- 
worthy test  for  peripheral  visual  acuity,  however,  is  that  made 
with  small  objects  at  a  distance,  as  in  Bjerrum's  screen  test  just 
descrilied. 

The  detemiinatif)]!  of  the  limits  of  the  field  for  different 
coloxitu  may  be  made  with  pieces  of  coloured  paper.  The  results 
thus  obtained  are  inllueiiced  by  the  hue  and  shade  of  the  colour 
used,  by  the  size  of  the  coloured  objects,  and  hy  the  quality  and 
intensity  of  the  light  under  which  the  examination  is  conducted. 
Pnictically,  in  examinin^r  any  C4ise  it  is  useful  to  determine  the 
extent  of  one's  own  visual  field  in  one  or  two  directions  under 
the  same  con<iitions,  and  then  allow  sonietliing  for  individual  ■ 
peculiarity  besides.  Another  precaution  that  will  be  foimd 
useful  Ls  to  linvc  the  test  object  (which  il  is  well  to  make  20 
millimetres  square)  diH'erently  coloured  on  either  side.  In  this 
way  we  are  provided  with  a  cheek  on  the  accuracy  of  the 
patient's  statements.  The  nitist  convenient  colour  to  use  is 
some  hue  of  red,  as  it  is  for  the  reds  and  greens  that  patho- 
lo^iwil  defects  in  the  colour  sense  first  manifest  themselves.  If 
the  test  colour  chosen  be  examined  carefully  at  the  inner  side 
of  the  field  of  vision,  it  Avill  generally  be  found  to  change  colour. 
Before  becoming  absohitely  colourless,  it  will  become  yellowish, 
brownish,  or  bluish,  according  to  the  hue  and  sliade  selected, 
and  it  is  this  tint  which  may  with  advantage  l>e  selected  for 
colouring  the  opposite  side  of  the  test  object.  When  the  red- 
green  perception  is  entirely  abolished,  the  limits  may  be  taken 
for  blue  or  yellow,  the  vision  for  which  is  almost  always  longer  f 
in  disappearing ;  but  the  only  necessity  for  this  is  to  exclude 
the  possibility  of  the  m(^re  usual  form  of  congenital  colour 
blindness,  which  we  should  liave  reason  to  suspect  if  the  peri- 
pheral boundaries  for  yellow  and  blue  were  not  restricted. 
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"What  iiru  called  Helf-rvgisU'riii^  pt'riiiujtera  are  now  much  used,  and 
midor  the  exnmmntions  of  [leriplipral  visions  inon?  easy  and  rapid. 
A  number  of  difierent  i^rinK-tfrs  of  this  kind,  M'ith  wliich  the  chart 
rypreaenting  the  size  of  tht^  fielil  of  vision  can  be  niort-  or  less  auto- 
matically  oht«ined  ut  the  time  of  thv  oxamination,  are  iu  ufic.  Of 
thts(>  the  perimeters  of  Priestley  Smith,  M'Hardy,  and  Blix,  ore 
I^erhniw  thu  Ix-st. 

SL'BJKCTIVE  Sexsatioxs. 

The  djft'ereut  subjective  sensations  which  may  be  com- 
plained of,  and  for  which  h  proper  objective  examination  will 
afford  a  more  or  less  satisfactory  explanation  in  most  cases,  need 
only  1)6  shortly  refen-ed  to  in  this  chapter,  uh  they  are  men- 
tionwl  in  connection  with  the  diseases  in  which  they  are  mostly 
manifested-  The  principal  ones  are  pain,  double  vision,  distorted 
vision,  the  apj»earance  of  spots  or  elouds  ui  front  of  tlie  eye,  and 
subjective  lipht  and  colour  sensations. 

Panx. — Pain  complained  of  in  tlie  eye  may  be  non-inflam- 
mutory.  It  may  also  be  primarily  due  to  inflammatiou  of  the 
eye  or  the  surrounding  parts. 

In  a  hirj^e  proportion  of  the  ciises  of  pain  unnccompanied 
by  inflammation,  tlie  pain  only  comes  on,  or  is  at  all  severe, 
when  the  eyes  are  used  for  work  near  at  hand,  such  as  read- 
ing or  sewing.  In  other  cases,  again,  the  pain  is  independent 
of  the  use  of  the  eye.s.  The  naniu  which  is  generally  given  to 
the  non-intiamrnatftry  |min  assrjciated  witli  the  use  of  the  eyes 
is  (tsthrnopia,  which  literally  means  a  want  of  power  in  the  eye 
to  perform  its  functions.  Aa  n  general  rule,  the  greater  the 
piiin  complained  of,  the  less  likely  is  it  to  depend  upon  any 
pnthologicfl.1  condition  at  all,  which  qaiu  l»e  referred  to  tlie  eye. 
But  it  is  necessary  to  make  a  thorough  examination  into  t!»e 
state  of  refraction  and  the  condition  of  the  external  nmscles, 
before  it  is  possible  to  exclude  those  fnrms  of  asthenopia  wliicii 
deiiend  on  accommodative  or  muscular  diHicnlties,  tlie  symptoms 
of  which  arc  elsewliere  discussed. 

Tain  in  the  eyes,  often  desctibeii  as  at  the  back  of  the  eyes, 
unconnected  with  any  accommo<lalive  or  muscular  abnormality, 
and  coming  on,  often  very  severely,  at  longer  or  shorter  intervals 
,^ter  use  of  t!»e  eyes  f»n-  reading,  vfcc,  is  extremely  connuon. 
the  condition  is  associated  with  more  or  less  sensitiveness 
In  many,  an<l  indeed  most  of  these  cases,  there  is 
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whicli  either  does  not  at  nil  iifi'ect,  or  it  may  be  only  slightly 
affectSj  the  acuity  of  tlie  noiiuftl  eye.  It  is  evident,  too,  that  an 
eye  which  is  very  deficient  in  the  appreciation  of  differences  of 
intensity  of  illnminntion  will  In*  inHuenced  in  its  viiiual  acuity 
for  olijects  the  separate  and  distinguishable  parts  of  which  are 
not  strongly  contrasted  in  their  relative  luminosity.  One  of  the 
simplest  practiced  methods,  then,  of  testing  the  first  element 
of  tlie  light  sense  is  to  diminish  the  illimiination  until  it 
just  begins  to  affect  the  acuity  of  one's  own  (presumably 
normal)  eye.  An  equally  practical  test  for  the  second  element 
exists  in  Bjerrum's  teat  types,  which  consist  of  Snellen's  types 
printed  grey  on  giey.  The  contrast  between  the  letters  and  the 
background  is  mia-li  less  than  for  the  ordinary  types,  which  are 
printeil  bhick  on  white. 

For  the  determination  of  the  acuity  of  the  light  sense  in 
cases  of  cataract,  a  form  of  pliotouict.cr  employed  by  von  Graefe 
b  useful  in  doubtful  cases.  This  photometer  consists  merely  of 
a  darkened  box,  in  the  inside  of  which  is  a  candle,  and  on  one 
side  of  which  is  a  window  of  milk  glass,  the  size  of  which  can 
be  regulated  uL  will. 

The  vision  of  the  ptriphero!  ptf/iivns  of  the  retina  may  be 
defective  with  respect  to  all  or  any  of  the  senses  of  form,  colour, 
and  light.  As  the  nature  of  such  defects  often  tlirows  light  on 
the  diagnosis  and  prognosis  of  a  case,  the  testing  of  the  peripheral 
retinal  functions  takes  an  importaut  place  in  the  subjective 
examination  of  the  eye. 

Peripheral  vision  may  be  defective  in  continuity  or  in  acuity: 
often  there  is  a  defect  in  both  respects  at  the  same  time,  that  is 
to  say,  that  tlie  most  peripheral  portions,  where  the  normal 
acuity  is  least,  may  have  their  acuity  reduced  to  0,  while  the 
same  course  of  impairment  reduces,  but  does  not  alt^jgether 
alnjlish,  the  acnity  of  the  more  central  portions.  But  besides 
regular  interruptions  in  the  continuity  of  the  field  of  vision, 
which  manifest  themselves  by  some  limitation,  in]  the  normal 
extent  of  the  field  in  some  pai'ticniar  direction,  or  in  all 
directions,  irregular  broaches  in  continuity,  or  more  or  less 
blind  portions  surrounded  by  normal  or  relatively  normal  por- 
tions of  the  field,  are  met  with,  to  which  the  name  of  scotomata 
has  been  given. 

To  make  an  accurate  examination  of  the  Held  of  vision  it 
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«?verc  and  rebellicms  that  one  is  called  upou  to  tre^it. 
water  douches,  aud  iron  internally,  are  indicated  in  some 
;  others  are  much  beuetited  by  hot  sponging  or  fomenta- 
licins ;  and  where  thera  is  absohitely  nothing  ubnoruiul  to  be 
iliacovered  in  ilie  eyes,  an  energetic  attempt  sliould  be  made  to 
break  the  habit  of  giving  up  reading  au  soon  us  ilie  pain  comes 
on.  This  can  only  l)e  done  gradually,  but  is  successfid  in 
luttiiy  r«i5e«; 

I'ain,  independent  of  the  use  of  the  eyes,  is  often  comphiined 
«f,  and  is  generally  of  a  nouralgi<'  cluimcter,  and  more  or  lest? 
intcmse.  The  dingnost.s  i^  etisily  made  wlien  there  are  points  of 
special  tenderneas  around  the  eye.  Occasionally,  uo  doubt,  tlie 
pain  b  rellex,  but  the  origin  of  most  cases  i.s  a  h^i>cTsenHilivc- 
nesd  of  the  supra-  and  infra-nrbital  branches  of  the  fifth  nerve, 
jfexierally  caused  origiiially  by  exposure  to  cold. 

^Vllen  the  i>*iin  is  due  to  inflammation  the  diagnosis  is  often 
aided  by  noting  the  circumstances  under  which  it  is  most 
iutense.  Tlins  sometimes  it  comes  on  mostly  at  night,  at  other 
tinK4  mostly  when  light  falls  into  the  eye,  or  when  the  eye  is 
moved  in  some  particular  directii)n,  or  by  pressure  on  some 
ports  of  the  eye  itself,  or  of  the  surrounding  structures. 

iJipitrpia. — Wlien  double  vision  is  coujplained  of,  we  have, 
in  the  fir^t  place,  to  determine  by  covering  first  tlie  one  eye, 
and  then  the  other,  whether  in  either  case  it  is  still  present, 
or  whether  it  always  disappears  when  one  eye  alone  i.s  used ; 
that  is  to  say,  whether  the  diplopia  is  monocular  or  binocular. 
If  tliiirc  be  a  fair  amount  of  vision  in  both  eyes,  and  no 
ubnoniial  degree  of  suppression  by  the  mind  of  the  image  falling 
OD  the-  misdirected  eye,  there  will  usually  be  lancx'idur  diplopia 
rben  both  ojtea  ore  not  simidtaueously  directed  on  the  same 
point  of  the  object  which  engjiges  the  attention.  There  may 
be  uo  dipbipia  complained  of  even  though  there  be  wide  divwr- 
gence  of  the  visual  image  of  the  axes,  owing  to  the  nnconscious 
-sion  of  the  image  of  the  one  eye  when  the  other 
It  ion.  This  suppression  is  sometimes  so  complete, 
that  under  no  circumstances  can  the  diplopia  be  made  apparent. 
It'  *  i  1  ases,  by  hoMing  a  red  glass  or  a  j>rism  with  the  angle 
di  ipwards  or  downwjirds  in  fiont  of  the  fixing  eye,  the 

faaltj  imago  of  the  other  is  at  ouce  seen,  showing  that  the 
■oppTOwion  is  only  effected  for  normal  couilitious  of  similtuity 


T2 


EXAMINATION  OF  THE  EYE. 


own  and  the  patient's  view  sinniltaneoTisly,  it  follows  that  their 
6elds  of  Nisioii  are  co-ex  tt.^usiv6  iii  thiit  direction.  A  test  in  tliis 
manner  can  be  rapidly  made  in  all  dli'ections,  and  a  want  of 
coincidence  of  the  two  fields  in  any  or  all  directions  be  easily 
discovered.  This  method  of  te^sting  ia  only,  however,  a  qualita- 
tive one,  in  so  far  as  by  it  the  existence  and  not  the  extent  o£| 
a  limitation  is  determined. 

For  the  purpose  of  obtaining  more  accurate  measurements . 
of  the  position  and  extent  of  any  deviations  from  the  normal 
character  of  the  field  of  vision,  as  well  as  of  estimating  the' 
peripheral  visual  acuity,  a  perimeter  is  required.  The  result  of 
a  perimeter  examination,  too,  is  most  conveniently  recorded  ou| 
a  chart,  which  consists  of  a  number  of  concentric  circles,  the 
radii  of  which  incTease  by  an  equal  anumnt,  and  a  number  of 
radiatini^  lines  from  their  common  centre.  The  circles,  of  which  J 
there  are  usually  nine,  represent  at  intervals  of  10*  the  angular 
aperture  of  the  field;  the  liiie.s  the  different  meridians.  In  the 
charts  commonly  used  the  centre  of  the  figure,  therefore,  corre-M 
sponds  to  the  point  of  fixation,  whilst  the  concentric  circles 
represent  the  portions  of  the  field  w!iose  retinal  images  are  equi- 
distJint  in  all  directions  from  the  fovea.  If  there  be  any  doubt 
as  to  the  restriction  of  the  field  in  any  ])articular  case,  the 
exaniinalion  is  best  ntade  in  a  suhdneil  light,  the  intensity  of 
which  is  a  little  greater  than  that  which  begins  to  tell  on  the 
normal  field.  Tliis  is  a  sort  of  compromise  between  the  examina- 
tion of  the  liu:ht  fuid  form  senses,  which  is  of  considerable 
practical  in^portance. 

The  normal  extent  of  tlu^  Held  of  vision  is  subject  to  variation 
at  the  upper  and  also  Ohough  to  a  less  exteut)  at  the  inner  j^arts, 
owing  to  inciiviilual  peculiiiritics  in  the  size  and  shape  of  the 
eyebrows  ami  nose.  The  physiological  limits  may  be  taken  to  be 
as  follows  : — Upwards^  4.T  ;  upwards  and  outwanls,  50"  to  55" ; 
outwards,  90^  (often  slightly  more);  outwards  and  downwards, 
80"  to  85";  downwards,  70" ;  downwards  and  inwards,  GO'  (vari- 
able on  account  of  the  nose);  inwards,  55"  to  60^ ;  inwards  and 
upwards.  55^  The  extent  of  the  field  upwards,  and  upwards 
and  inwards,  is  found  to  be  5""  to  lo"*  greater  when  the  point  of 
fixation  is  situated  20°  or  30'  from  the  centre  of  the  perimeter 
in  the  opposite  direction.  This  has  to  be  l>orne  in  mind  when 
there  is  a  doubt  as  to  whether  or  not  there  is  limitation  in  this 
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region.  Thus,  should  the  exploration  with  the  centre  of  the 
perimeter  as  point  of  fixation  only  give  an  angular  dimension 
of  40^  for  the  peripheral  extension  of  the  tield  upwards,  we 
fiboidd  not  always  be  right  in  assuming  a  contraction  in  this 
direction,  unless  no  increased  measurement  resulted  from  testing 
with  a  lower  point  of  fixation. 

The  simplest  form  of  |wrimeter  consists  of  a  black  Itoard  and 
u  semicircidar  arm  of  blackened  metal,  of  one  foot  radius,  from 
the  middle  point  of  tlie  convex  surface  of  whicli  there  is  a  pro- 
jection which  fits  into  a  hole  in  the  Iward,  and  permits  of  the 
arm  being  rotated  round  its  own  diameter,  that  is,  round  a  line 
at  right  angles  to  the  board.  Hadiating  lines  ai-e  scratclied  or 
cut  on  the  board  from  the  central  hole,  and  separated  by  definite 
angular  distances  (130"  or  45^).  These  indicate  tlie  position  in 
which  the  semicircular  arm  is  to  be  placed  for  any  particular 
tneridian  in  which  the  extent  of  the  Held  has  to  bo  tested.  The 
^^j*m  itself  is  gi-aduated  in  degrees  by  lines  5"  apart,  and  starting 
^Btom  0^  at  the  centre  to  90^  at  eitlier  end.  The  patient  is  seated 
^Hb  front  of  the  perimeter,  with  liis  chin  resting  on  a  supiM)rl  so 
^•rranged  that  the  eye  to  be  examined  comes  to  occupy  a  position 
I  at  the  centre  of  the  semicircular  arm,  or  as  neaily  as  possible 
one  foot  from  the  point  of  fixation.  The  observer  cau.sea  a  white 
bject — c.t/.  a  square  of  white  paper  at  the  end  of  a  small  black 
-to  travel  along  the  arm,  and  notes  when,  wlulst  the 
itient  fi.xes  the  middle  of  the  arm.  it  ceases  to  be  seen  if 
oved  from  the  cenLie  outwards,  or  first  comes  into  view  if 
oved  in  the  oppi^siie  direction.  The  two  points  thus  found  to 
ther  side  of  the  centre  in  each  meridiim  are  then  noted  on  the 
fliart,  or  recorded  in  any  other  manner  which  may  be  found 
nvenient.  Tims,  for  instance,  the  extent  of  tlie  field  in  eight 
ireetions  along  meridians  separated  from  each  other  liy  angles  of 
t5 '  may,  as  ^riei^tIey  J^mith  has  suggested,  be  conveniently  noted 
the  following  manner,  which  represents  the  normal  field: — 
55     45     50  50     45     55 

90    E      00  60     L      90 

85     70     GO  00     70     85 

le  white   test  oliject  should  not,  us  a  rule,  exceed  10  milli- 
letres  square,  and  the  observer  should  stand  in  such  a  position 
to  make  sure,  by  watching  the  patient's  eye,  that  he  con- 
stantly fixes  the  centre  of  the  j>erimeter. 


14  EXAMINATION  OF  THE  EYE. 

It  is  a  giKul  plan  to  have  a  few  e^ncentric  rings  cut  on  the 
board  itself,  the  iiirlii  of  wliich  correspond  to  the  projections  on 
it  of  the  scale  on  the  uriu.  Small  scotoiuata  (either  involving 
or  situated  neiir  the  point  of  Hxation),  or  tlie  limits  of  very  con- 
stricted liclds,  can  then  be  accurately  marked  out  on  the  board 

The  maxiimmi  extent  of  the  field  of  vision  is  only  got  for  object* 
8t*on  under  a  viaiml  angle;  of  A"  and  more.  For  BOioUer  Waual  angles 
there  is  a  j^Tadual  diiwLiiiiliim  in  the  size  of  the  field.  The  test  ubjccta 
geiiemlly  eiiiiiluyed  in  perinvetric  measure  men  ts  are  from  1  to  2  centi- 
metres in  iliiuneter,  whicli,  at  a  distance  of  30  centimetres,  or  about 
the  railius  of  the  perimeter  uro,  correspond  to  a  visual  angle  of  fn>m 
2°  to  4°.  Tlip.ir  inwigea  rtuist^  therefore,  cover  numy  thousands  of 
retiniJ  elements,  so  tliat  the  test  is  far  from  being  a  fiue  ono»  and  not 
at  idl  comparable  to  the  te.ste  madf  for  rlirect  nsion.  A  useful  addi- 
tion to  the  upual  raethixl  of  examining  the  field  of  vifiion  consistfl 
in  making  use  of  white  objecta  which  subtend  a  very  small  visaed 
angle.  In  order,  however,  to  be  able  to  work  without  difficulty  with 
suHiL'ieiitly  small  visuid  angles,  it  is  necesriury  tu  have  the  patient 
'placed  «omo  difitam-**  from  the  plane  m  which  the  leet  objects  tie.  A 
method  of  examiuntiou  biiset)  on  this  principle  was  introiiuced  not  long 
ago  by  Bjernun,  and  i«  eapahle,  in  many  cases,  of  affording  data  of  con- 
flidorable  diagnostic  importance.  A  large  black  screen,  2  metres  broad, 
which  can  be  let  ilown  from  tlio  ceiling  to  the  floor,  should  bfi  used — 
the  screen  is  most  conveniently  placed  on  the  wall  ojjposite  the  space 
b<itween  the  windows,  so  as  to  get  g^tral  light  all  rrmnd.  It  has  to  be 
pretty  large,  iw  the  projection  of  the  blind  spot  at  a  distance  of  a 
couple  of  metres,  iiiBtead  uf  measuring  almut  1  inch,  as  on  an  ordinary 
'perimeter,  where  the  distance  of  projection  is  I  foot,  or  30  centi- 
metres, measures  7  inches  in  diameter,  and  everything  else  is,  of 
courae,  in  the  same  projiortion.  A  screen,  2  metres  broatl,  will  adroit 
of  testing  up  to  al>out  27"  from  the  point  of  fixation,  if  tliat  lie  in  tlie 
middle  of  thi3  screen,  v»'hi]e,  by  removing  the  point  of  fixation  to  the 
edge  of  the  screen,  a  larger  held  can  be  measureti.  ^Vheu  the  test 
object  is  small,  the  central  point  of  the  screen  can  be  used^  and  this,  of 
course,  is  the  most  rrmvenicut  arningement.  The  test  objects  used  by 
Bjerrum  ai-<!  small  circular  discs  of  ivory  fixed  un  the  end  of  a  long 
dull  black  metal  md.  They  an^  of  diHerent  sizes,  from  10  millimetres 
to  1  millimetre  in  diameter.  The  examination  is  Ijegiui  with  a  disc  of 
10  millimetres  diameter,  at  the  ordinary  distance  (30  centimetres), 
and  rtfterwanis  continued  in  suitable  cases  with  one  3  millimetres  in 
diameivr,  at  the  distance  of  2  metres.  In  the  first  case  the  visual 
angle  is  VuPp,  in  the  second  ti^b,  or  approximately  2"  and  5'  respec- 
tively. In  the  case  of  the  5'  visual  angle  tlie  Iwundaries  of  the  normal 
field,  inst-cnd  of  being  as  extensive  as  they  are  found  to  be  by  the 
ordinary  method  of  examination  (see  p.  13),  average  35*  outwards, 
30"  inwards,  28"  downwards,  and  25"  upwards.  Too  much  weight 
must  not  be  attached  to  what  appears  to  bo  slight  concentric  limitor 
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tions  got  from  an  examination  by  the  small  >nsual  angle  raetlirxl.  Tt 
is  the  irregiJar  limitations,  the  more  or  lees  sector-shuped  defects  and 
blind  areas  (scotomata),  which  are  of  the  greatest  imix)rtance.  Con- 
centric limitations  are  met  with  by  this  test  as  individual  peculiarities. 
Under  normal  conditions^  however,  there  are  never  found  to  l>e 
marked  indentations  or  scotomata  in  the  diminished  field.  Variations 
in  illumination,  it  must  Ijc  remembered,  too,  liave  a  »omewhat  jii-eater 
influence  on  the  resulta  j^ot  by  testing  with  the  small  images  ihan  in 
the  case  of  the  ordinary  i>crimetric  method. 

Sometimes  it  is  useful  to  test  not  only  the  continuity  but 
also  the  visual  acuity  of  different  parts  of  the  fiM  of  vision.     If 


Flc  5. — Perimeter  ohiirt  of  field  of  vision  ;  —  for  whitt.- for  a  red  uid 

oomidenunitary  grtwn,  •  -  -  f or  ■  blue  and  c-uui|ileuieutary  yoUow. 

an  ordinary  perimeter  be  used,  the  test  object  for  this  purpose 
is  uiost  conveniently  a  figure  composed  of  two  black  squiu'ea 
separated  from  each  other  by  their  own  length.  With  the 
)ject  of  controlling  the  statements  of  the  j»atients  as  to 
rhether  or  not  at  any  particular  i>art  of  the  field  these  two 
squares  are  seen  as  distinct  objects,  a  black  rectangular  figure  of 
the  same  breadth,  but  tliree  times  the  length  of  the  squares,  may 
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be  alternately  plHced  in  t-he  same  position.     TTiis  may  readily  be 
done  by  having  the  two  Hgures  on  cither  side  of  a  piece  of  paper 
or  cardboard.     Witli  such  test  objects  of  difiereut  sizes,  the  visuid 
acuity  for  any  part  of  the.  iiehi  can  be  tested  and  compared  with 
that  of   the  same  portion  of  the  iield  of   the  observer.      Or,     , 
as  is  occasionally  nseful,  for  instance   in  coses  of  incompleUyH 
hemianopia,  the  distance  from  the  centre  at  "which  a  defiaitely™ 
sized  test  object  of  tliis  kind  can  be  just  made  out  is  compared 
with  the  distance  at  which  it  is  seen  on  the  same  side  of  the 
other  eye,  or  the  opposite  side  of  the  first  eye.     The  most  trust-™ 
worthy  test  for  peripheral  visual  acuity,  however,  is  tliut  luadefl 
with  small  objects  at  a  distance,  as  iu  Bjerrum's  screen  test  just 
(lc8rrilH.Hl.  H 

The  determination  of   the   limUs  of  the  field  for  djffcrem^ 
eolourts  may  be  madu  with  pieces  of  coloured  paper.    The  results 
thus  obtained  are  intiuenced  by  the  hue  and  shade  of  the  colour 
used,  by  the  size  of  the  coloured  objects,  and  by  the  quality  and 
intensity  of  the  light  niuler  wliich  the  examinntion  is  conducted. 
I*ractically,  in  exaniining  any  case  it  is  useful  to  determine  the 
extent  of  one^s  own  visual  field  in  one  or  two  du'ections  under 
the  same  conditions,  and  then  allow  something  for  individual 
peculiarity   besides.     Another   precaution   that    will    be    found 
;iseful  is  to  have  the  test  object  (which  it  Is  well  to  make  20 
millimetres  SLjuure)  diJlercntly  coloured  on  either  side,     lu  th 
way  we  are  provided  witli  a  che<.k  on   the  accuracy  of  thej 
patient's  statements.     The  most  convenient  coloiu"   to   use 
some  hue  of  red,  as  it  is  for  the  nnls  and  greens  that  patho- 
logical defects  in  the  colour  sense  first  manifest  themselves.     Ill 
the  teat  colour  chosen  be  examined  carefully  at  the  inner  aidal 
of  the  field  of  vision,  it  will  ^^enendly  he  frumd  to  change  colour. 
Before  becoming  absolutely  col^jurlesSj  it  will  become  yellowish,_^ 
brownish,  or  bluish,  according  to  the  hue  and  shade  select^d^H 
and  it  is  this  tint  which  may  with  advantage  be  selected  for 
colouring  the  opposite  side  of  the  test  object.     When  the  red-  ^ 
green  perception  is  entirely  abolished,  the  limits  may  be  takeafl 
for  blue  or  yellow,  the  vision  for  which  is  almost  always  longer 
iu  disappeai'iug ;  but  tlie  oidy  necessity  for  this  is  to  exclude 
the  possibility  of  the  more  usual  form  of  congenital  colour 
blindness,  which  we  should  have  reason  to  suspect  if  tlie  peri- 
plieral  boundaries  for  yellow  and  blue  were  not  restricted. 
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What  arv  calleil  solf-regisUjrmg  periinetciH  are  now  much  used,  anil 

renUer  the  examinations  of  jierijiheral  visions  more  ensy  and  rapid. 
\  Miun)x*r  of  tlifteront  pcrimeUrs  of  tliia  kind,  with  which  the  rhurt 
rcprosoiiting  tlie  size  of  the  field  of  vibiyn  win  be  more  or  leAs  iiuto- 
niatii-ally  (thUiinod  at  the  time  i.d*  the  examination,  ar*?  iii  iiae.  (If 
these  the  perimeters  of  Priestley  Smith,  M*Hardy,  aiul  Blix,  are 
[terhupH  tlie  hest. 


Si'BJECTivE  Sensations. 

The  diiierBiil  sulijective  Heiisutious  which  niuy  l)e  cuni- 
phiineil  of,  and  for  whicli  a  proper  objective  examination  will 
afi'ord  a  moi-e  or  less  satisfactory  explanation  in  most  cases,  need 
only  be  shortly  referred  to  in  this  chapter,  as  they  are  men- 
tioned in  connection  with  the  diseases  in  wliich  they  are  mostly 
manifested.  The  priucipul  ones  are  jtaiii,  double  vision,  distorted 
vision,  tlie  apj^earance  of  spots  or  clouds  in  front  of  tlie  eye,  and 
subjective  lipht  and  colour  sensations. 

Pain. — Pain  complained  of  in  the  eye  may  be  non-inflam- 
lUiitory.  It  nmy  also  be  ])rimarily  due  to  iutlammation  of  tlie 
eye  or  the  surroimding  parts. 

In  a  larjifc  proportion  of  the  ca.ses  of  pain  unaccompanied 
l»y  inflammation,  tlie  pain  only  comes  uu,  or  is  at  all  severe, 
when  tlie  eyes  are  used  for  work  near  at  hand,  such  as  read- 
ing or  sewing.  In  other  cases,  again,  the  pain  is  indei>endent 
of  the  use  of  the  eyes.  The  name  which  is  generally  given  to 
tlie  uon-intlammatory  pain  aas<x*iated  with  tlie  use  of  the  eyes 
is  itsthcnopia,  which  litemlly  means  a  want  of  power  in  the  eye 
to  perform  its  functions.  As  a  general  rule,  the  greater  the 
pain  complained  of,  the  less  likely  is  it  t(j  dejHjnd  upon  any 
pathological  condition  at  all,  whicli  can  Ite  referred  to  the  eye. 
Hut  it  Ls  necessary  lo  make  a  thorough  examination  into  the 
state  of  refraction  and  the  condition  of  the  external  muscles, 
lK?fnre  it  is  possible  to  exclude  those  forms  of  asthenopia  which 
depend  on  accommodative  or  muscular  ilifticulties,  the  symptoms 
of  which  are  elsewhere  discussed. 

l*ain  in  the  **yiis,  often  described  as  at  the  back  of  the  eyes, 
unconnected  with  any  accommodative  or  muscular  abnormality, 
and  comiug  on,  often  very  severely,  at  longer  ur  shorter  intervals 
lifter  use  of  the  eyes  for  reading,  itc,  is  extremely  coumjon. 
Oft«n  the  condition  is  associated  with  more  or  less  sensitiveness 
to  light.     In  nmny,  and  indeed  most  of  these  cases,  there  is 
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absolutely  nothing  to  l>e  found,  in  coniieption  witli  the  eyes  ut 
any  rate,  to  account  for  the  persistence  or  severity  of  the  symp-j 
toms.      Either  the   strain  on  the  attention    becomes  soon  t< 
overpo\verin<^,  or  the  retina  itself  is  hyperseuKitive  and  e-nsilj 
tired;    at  all  events,  there   is  some  weakness   in  the  tone 
capahilitiea  of  tlie  nervou.s  uiwhaiiisni  of  vision.     8ucb  a  stal 
of   mrunia  asthciiopui  is   prohalily  fre£]uently  of  reliex   origiaj 
though  the  region  from  which  the  aflereiit  siimiilus  pnxieeds 
not  often  apparent    It  is  more  common  in  woineu  than  in  men 
which  ha-s  led  some  authors  to  ascribe  it  to  uterine  irritation, 
aii<l  even  to  dc^jcribe  a  particular  form,  of  chronic  intlammaliouj 
with  which  it  is  associated.     The  causal  connection  betweeiM 
the  two,  an  a  matter  of  constant  or  even  frer|ucnt  occurrence,  is, 
however,  in  the  highest  degree  improbable.     Intestinal  irritatioi^ 
also  appears  sometimes  to  give  rise  to  this  form  of  asthenopia^ 
In  a  great  number  of  cases — and  I  tim  disposal  to  think  in   by^ 
far  the  greatest  number — the  pain  is  due  prunurily  to  over- 
exertion of  the  eyes  at  a  time  when,  after  a  debilitating  illnes^H 
or  a  state  of  malnutrition,  anaonia,  Sic,  the  nervous  tone  is  below    ■ 
par.      The   pain   thus  originating  becomes  clironic,  a   sort  of 
neurosis  or  habit,  and  may  become  so  distressing  as  to  render 
i*eadiug   impossible   for   more   than  a  few  minutes  at  a  time. 
Sometimes  the  state  of  the  eyes  themselves  is  such  as  to  iu-^ 
duce  asthenopia  froiu  over  usa     In  congenital  amblyopia  antiH 
astigmatism,  for  instance,  where  thn.  ditticiiltics  in  deciphering 
small    tyjie  are  considerable,  reading  may  cause  an  abnormal^ 
strain.      Indeed  one  can  bring  on  the  same  kind  of  feelingH 
in  one's  own  eyes  l>y  attempting   to  read    small    ty]>e    eitlier 
beyond    the  limit  of   distinct  vision,  or  with   an  illumination 
barely  sufficiently  powerful  for  that  purpose,  and  independently 
of  over-exertion  of  convergence  or  accommodation.     Individuals 
suffering  from    this   form  of   iLsthenopia  generally  take  sooner 
or  later  to  the  use  of   blue  or  dark  spectacles,  and  by  doing 
so  often  merely  increase  the  sensitiveness  of  their  retinte.    Such 
spectacles  sliould   oidy  be   employed  in  cases   of   deep-seated 
intlammation,  in  which  the  tempering  of  the  light  passing  into 
the  eyes  is  one  important  moans  of  complying  with  the  indi- 
cation  for  rest,  or  under   conditions  of   excessive   glare    from 
powerful  sources  of  illumination  or  reflection. 

Many  cases  of  retinal  or  nervous  asthenopia  are  amongst  the- 
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luoBt  severe  uiul  rubelliuus  that  one  is  called  upon  to  treat. 
Cold  water  douches,  and  iron  intenmlly.  are  indicated  in  souic 
cases;  others  are  much  benefited  by  hut  sponging  or  fumenla- 
tions;  and  where  there  is  absolutelj  nothing  abnormal  to  be 
discovere*!  in  tlie  eyes,  an  enei-getic  attempt  should  l)e  made  to 
bretik  the  Imbit  of  giving  up  reading  as  soon  us  the  pain  coiues 
on.  This  can  only  be  done  gmdually.  but  is  succeasfiil  in 
many  crises. 

Pain,  indej)endent  of  the  use  of  the  eyes,  is  often  complained 
of,  an«l  is  generally  of  a  neuralgic  chai-act^r,  and  more  or  leas 
intenfie.  The  diagnosis  is  easily  made  when  there  are  points  of 
special  tenderness  arouutl  the  eye.  Occasionally,  no  doubt,  the 
pain  is  reHex,  but  Uie  origin  of  most  cases  is  a  hyjiersensitive- 
ness  of  the  supra-  and  infra-orbital  branches  of  the  fifth  nerve, 
generally  caused  uriginally  by  ex^K)sure  to  cold. 

When  the  pain  is  due  to  intiammation  the  diagnasis  is  often 
aidetl  by  noting  the  circumstances  under  whicli  it  i.s  most 
intense.  Thus  sometimes  it  comes  on  mostly  at  niglit,  at  otiier 
times  mostly  when  light  falls  into  the  eye,  or  wlieu  llie  eye  is 
moved  in  some  jKirticular  direction,  or  by  pressure  on  some 
}Nirts  of  the  eye  itself,  or  of  the  sun*ounding  structures, 

DlpUqnn. — AVlien  doiilde  vision  is  comphiined  of,  we  have. 
in  the  first  place,  to  determine  by  covering  first  the  one  eye, 
and  then  the  other,  whether  in  either  ease  it  is  still  present, 
or  whether  it  always  disappears  when  one  eye  alum;  is  used; 
that  is  to  say,  whether  the  diplopia  is  monocular  or  binocular. 
If  there  l)e  a  fair  amount  of  vision  in  hotli  i^y^ii,  and  no 
abnormal  degree  of  suppression  by  the  mind  of  the  image  falling 
f»n  tlie  Hiisdirected  eye,  there  will  usually  be  lauoeular  diplopia 
wlien  botli  axes  are  not  simidtaneously  directed  on  the  same 
point  of  the  object  wliich  engtiges  the  attention.  Tliere  may 
be  no  diplopia  complained  of  even  though  there  be  wide  iliver- 
gence  of  the  visual  inuige  of  the  axes,  owing  to  tlie  unconscious 
mental  suppression  t>f  the  image  of  the  one  eye  when  tlie  other 
is  used  for  fixation.  Tlus  suppression  is  sometimes  so  ctiuiplete, 
that  under  no  clrt^umstances  can  the  diplopia  be  made  ai»pHrent. 
In  other  cases,  by  holding  n  red  glass  or  a  prism  with  the  angle 
directed  upwaj'ds  or  downwards  in  front  of  tlie  fixing  eye,  the 
faulty  image  of  the  other  is  at  ouoe  seen,  showing  that  the 
suppresftiou  is  only  effected  for  normal  comlitiona  ot  similarity 
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ill  tlie  uptieal  iiuaire;^  and  only  for  it  retinal  area,  on  which. 
under  ordiuar)'  circiuastunces,  the  images  corresponding  t<>  thoa* 
occupying  the  centre  of  the  retina  of  the  fixing  eye  are  received 

Aj^ain.an  iiidiNndiiMl  may  noniplain  of  diplopia  even  iiUhough 
the  visual  axes  are  capable  of  crossing,  and  actually  do  crf»ss.  on 
the  same  ohject.     This  is  the  case  when  other  objects  than  Ui 
one  fixed  engage  the  attention,  and  is,  in  fact,  physiological,  in  sii 
far  as  most  objects  not  directly  looked  at  are  seen  double.    When,, 
therefore,  tliiH  kind  of  double  vision  is  conii)lained  of,  it  is  owinj 
U>  an  abnormal  degree  of  attention  being  directed  to  objecl 
other  than  thost;  fixed.     Usually  there  is  a  HUppression  of  uneot 
the  images  of  otlier  objects  than  the  one  on  which  the  visual 
axes  are  directed — a  suppression  which  is  often  so  complete  as 
to  rentier  it  difticult  for  many  people  to  Ijeconie  conscious  of  this 
physiological  diplopia.     AVhich  eye  is  the  one  whose  images  ar^| 
suppressed  in  any  i>articular  case  may  be  determined  by  a  very^ 
simple  experiment.     By  asking  any  one,  wliile  keeping  both  eyes 
open,  to  hold  up  their  linger  in  a  line  mth  some  distant  object, 
and  then  close  first  the  one  and  tlien  the  other  eye,  they  will 
generally  find  that  the  finger  exactly  covers  the  object  as  seen 
by  one  eye,  while  it  deviates  to  one  side  when  looked  at  with  tlu 
otIicT.     This  shows  that  only  the  image  formed  in  the  eye,  iu 
line  with  wliicli  ami  the  distant  object  the  tiiiger  bas  Ik'CU  plac^( 
is  observed,  that  iu  the  other  being  more  or  less  completely  su] 
pressed     The  cases  of  diplopia  just  referred  to  are  due  to  the 
opposite  condition,  viz.,  to  a  too  ready  appreciation  of  tiie  physio- 
logical double  images.      This  is  mostly  met  with  iu  women,  butfl 
occasionally  also  in  men.     M'^hen  once  discovered  by  them,  and     i 
not  recognised  as  physiological,  they  contract  a  bitbit  of  directing 
attention  to  the  double  images  which  sometimes  Incomes  almost 
painful      Occasionally  it   is   the   nose  which   is   in    this  wayl 
brought    iiromineiitly  before    their   notice,  and  which   alwaj 
appears  to  get  in  the  way  of  other  objects,  by  attracting  atten- 
tion at  the  same  time :  at  other  times,  any  objects,  both  beyond] 
and  nearer  than  the  poiut  of  fixation,  arc  continually  forcing 
their  two  images  on  the  attention. 

Fatients  who  suffer  from  true  diplopia,  due  toanu'sdireclioj 
of  one  of  tlie  vLsual  axes  on  the  objects  fixed,  genenilly  com- 
plain most  of  the  doubling  of  that  object,  one  image  of  which 
they  usually  recognise  as  the  "  true  "  image,  that  is,  belouginj 
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to  the  properly  directed  eye,  and  the  other  as  the  "  false/'  Uie 
itnage  nf  the  inis>.lirected  eye.  The  false  image  not  only 
occupies  a  distinctly  ahuormal  position,  hut  ia  liesideii  more  or 
leas  indistinct,  owing  to  its  con'esi>onding  to  a  periplieral  and 
not  a  eentrai  impression.  Altliough.  however,  we  fan  infer 
from  observing  to  whicli  eye  the  tme  image  belongs,  which  is 
tbe  tixitig  eye,  it  d(»ea  not  liy  any  means  follow  that  the  defect 
in  niiL'cculur  activity  is  to  l>e  found  in  tlie  otlier,  as  tlie  cause 
of  diplopia  may  lie  a  (condition  common  to  both  eyes,  or  confined 
to  the  fixing  eye  al<>ne.  the  eye  made  use  of  for  fixation  l>eing 
oftoii  determinetl  by  causes  altogether  uncounected  with  the 
condition  *>f  which  the  diplopia  is  a  manifestation.  Occa- 
sioaally.  vrliilst  recognising  the  doubling  of  the  object  fixed,  the 
wore  rllstressinp  synijtlom  complained  nf  is  a  veiling  of  that 
#»bjeel  by  the  projection  over  it  of  tlie  imagv  falling  <}\\  tlie 
fovea  of  the  misilirect^d  eye,  so  that  two  different  objects  are 
constantly  wen,  the  one  tlirougli  the  other,  as  it  were,  just  as 
^tho  two  images  of  a  stereoscopic  |>icturc  are  projected  to  the 

le  position  in  space. 

The  conilitions  under  which  the  diplopia  manifests  itself 
have  lo  be  in4uiiXHl  into  and  te^teil.  Thus,  in  many  cases 
St  is  complained  of,  it  ia  not  present  under  all  circum- 
This  may  be  due  to  want  of  constancy  in  the  con- 

Ros  giving  rise  to  it,  as  is  the  case  in  periotlic  sc|uint,  or  to 
the  fftct  that  the  double  vision  only  exists  for  certidn  dirwtions 
•»f  dxation.  Again,  in  cases  where  there  is  a  defect  of  conver- 
gent power,  or  aji  increased  tendency  to  convei-geiuM',  which 
may  even  amount  to  spasm,  there  is  often  diplopia  within  or 
l«i '  ^  *  'crtain  disuiiice  from  the  eye — a  ilistancc  which  not 
oi.  s  according  to  the  degree  of  the  abnormality,  but 

also  according  to  the  inclination  of  the  visual  axes  aliove  or 
l«rl<>w  the  horizontal  pLttie  of  fixation. 

TIk:  luauner  of  testing  for  diplopia,  as  well  aa  the  inter- 
pretation of  the  results  thus  oluninwl,  is  fully  discussed  in 
the  chapter  on  muscular  anomalies 

When  the  <liplopia  complained  of  is  found,  in  the  way  already 
tlmcrilicd  above,  to  l»e  nionricular,  the  cause  wdl  generally  be  some 
ermr  tA  refraction  which  has  long  existed  or  has  been  lately 
aoquirrd.  an<l  a  careful  examination  will  be  necessary  to  dis- 
cm*er  it.     We  have  first  to  find  out  whether  the  diplopia  has 
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sinlilfiily  made  its  appearance  or  not.  If  so,  it  may  either  I* 
(hie  to  some  traiinm,  or  the  comlitions  giving  rise  to  it  may  hnve 
previously  existed,  and  only  be  observed  owing  to  some  cir- 
cumstance which  has  caused  the  patient's  attention  to  \a 
directed  to  it.  If  tliere  has  been  a  trauma,  we  may  look 
for  iireguhir  astigmatism,  or  some  refractive  ohanges,  due 
to  alteration  in  the  position  or  condition  of  the  lens,  &c. 
The  most  counnon  uauses  of  luiquirt-d  iiniiK»cuhir  diplopia  are 
changes  sometimes  occurring  in  the  lens  during  the  formation 
of  cataract,  and  alteration  of  tlie  curvatui-e  of  the  cornea  pn>- 
dueed  by  inHuniinafor}'  changes. 

The  defect  of  splierical  al)€rration.  common  to  all  refracting 
surfaces  which  are  not  of  sucli  a  form  as  to  neutralise  it,  and 
therefore  not  what  is  called  aplanatic,  and  which  in  optical 
instnnnents  is  practically  to  a  groat  extent  overcome  by  a 
centered  system  of  different  curvatures  and  dillerent  intervening; 
ilistances,  is  to  a  great  extent  also  rectified  in  the  eye,  partly 
owing  to  the  dioptric  arvanjjjements,  and  pnrtly  no  tloubt  also 
to  the  isolation  of  each  percipient  element  of  the  retina.  But 
thci'e  is  a  form  of  nionocliromatic  abcn'ation  in  the  eye  which 
does  not  exist  in  prnperly  constructed  optical  instruments,  which 
gives  rise  under  certain  comlitions  to  ptjlyopia.  This  aberration 
is  due  to  the  circuinstanco  that  the  foci  for  niys  passing  through 
different  portions  (sectors)  of  the  crystalline  lens  do  not  all 
coincide.  When  the  eye  is  properly  accommodated  the  want  of 
coincidence  of  the  foci  is  not  sufficient  to  pive  rise  to  separate 
images,  tlie  only  etioct  (A  the  condition  being  that  the  retinal 
image  of  a  point  is  larger  than  it  would  otherwise  be.  If.  how- 
ever, the  retina  be  out  of  focus,  the  different  images,  instead 
of  partiiilly  overhippinj;,  are  seen  more  or  less  distinctly  as 
separate  ima^^cs.  These  images  are  crossed  if  the  retina  lies 
in  front  of  the  focal  plane,  and  homonymous  if  it  lies  l)ehind 
that  plane — that  is  to  say,  on  partiidly  occluding  the  pupil,  the 
images  of  the  opjiosite  or  of  the  same  side  disapi^ear  respectively. 
This  kind  of  polyopia  is  verj'  evident  in  cases  of  faulty  refi'action 
(ametnijiia).  when  a  bright  object  for  which  the  eye  cannot  be 
accommodated  is  fixed,  anrl  it  is  an  exaggeration  of  tliis  pheno- 
menon which  is  the  cause  of  the  polyopia  occurring  in  com- 
mencing cat^iract.  When  not  due  to  w  trauiini,  the  doubling  of 
the  inmge  in  one  eye,  hitherto  existing,  though  unobserved,  may 
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MPMtmes  suddenly  force  itself  on  the  attention,  either  owing  to 
tncrenseil  retinal  susceptibility  to  impressions,  or  to  some  cause 
having  temporarily  ilisahled  the  other  eye:  and  when  once  dis- 
covered it  may  become  more  or  less  troublesome.  In  this  way 
vre  sometimes  find  monocular  existing  along  with  binocular 
diplopia,  the  former  being  first  brought  to  notice  by  the  occur- 
rence of  the  latter. 

Mdnmorpkopnia. — When  distorted  vision,  or  mctaniorphopsia, 
is  complained  of,  it  should  suggest  either  some  cause  altering  the 
cluiracter  of  the  impressions  formed  on  tlie  retina,  atJ,  for  instance, 
irregular  astigmatism,  or  some  pathological  change  which  inter- 
feres with  the  normal  manner  in  which  our  judgment  of  tlie 
shape  of  objects  seen  is  formed.  The  apparent  shape  of  objects 
depends,  in  the  first  place,  on  the  configuration  of  tlieir  retinal 
images;  it  is  therefore  nuire  in  accordance  with  tlieir  actual 
shape  the  more  regular  is  the  refiaclion  of  the  raj's  through 
the  dioptric  media  of  the  eye,  and  the  more  accurately  the  rays 
are  focussed  on  the  retina.  For  the  correct  appreciation  of 
form  it  is  further  iieceswiry  that  the  percipient  elements  of  the 
retina  should  be  grouped  according  to  tlieir  normal  arrange- 
inent  in  the  focal  surface  of  the  eye,  and  should  all  be  capable 
of  excitation  to  some  extent  at  least. 

There  ia  also,  of  course,  the  psychical  element,  which  liere, 
OS  alwayft  when  tliere  is  a  question  of  the  interpretation  of 
the  impressions  of  the  senses,  has  to  Ite  takeii  ii»to  account. 
Vuiious  iUu»io7Lti  and  thhtaions  occur  as  to  foiiu  and  dimensions, 
as  they  do  in  connection  with  other  impresBions  and  other 
special  senses.  These  constitute,  however,  for  the  most  part  at 
least,  u  chapter  in  the  pliysiology  and  pathologj'  of  the  nervous 
system,  and  do  not  call  for  consideratiou  as  symptonjs  of  dis- 
orders of  the  eye. 

Of  the  .size  of  objects,  again,  we  judge  partly  from  the  size 
of  their  retinal  images,  but  as  this,  t>esides  depending  on  the 
HCtual  size  uf  the  objects,  depends  also  on  their  rlistance  from 
the  eyes,  the  api»reciation  of  size  is  more  correct  the  more 
accurately  the  distance  is  gauged.  In  comparing  the  sizes  of 
two  or  mon^  olijects,  we  are  proliabiy  guiiled  by  tlie  nppreciation 
of  their  retinal  images  alone,  if  they  are  small.  When  of  any 
considerable  size,  however,  the  method  of  comparison  is  more 
complicat<;d,  and  depends  chiefly  upon  the  knowledge  gained  by 
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tlie  umscular  sense  on  niiiniii|r  the  eyes  along  over  the  ddlereiit 
points  of  the  objeola. 

Defects  of  accoiuuiodfttion  give  rise  to  altemtions  in  aiUMirent 
size,  owing  to  the  eiTor  in  the  judgment  of  the  iliatanre  of 
object«  withiii  the  ordinary  range  of  acconunodation  which 
results  from  them.  Thus,  \vlie.i*e  all  at  onee  tliere  is  ii  paresis  mF 
flccomuiailation,  und  a  greater  ell'ort  has  to  he  made  in  order  to 
focus  a  ne^ir  object  distinctly,  or  to  ntteiupt  to  focus  it  distinctly, 
this  gives  nse  to  an  impression  of  greater  ]»Toximity  of  tiie 
object,  and  as  the  image  ou  the  retina  is  of  course  the  same  si^t* 
as  it  would  be  were  its  distance  more  correctly  estinmted.  it 
appears  smaller.  Tlie  microji.sia  thus  occasioned  is  often  veiy 
marked^  and  is  met  with  bath  in  cases  where  the  paresis  is  the 
result  of  a  direct,  and  where  it  is  due  to  a  reflex,  interference 
with  the  functions  of  the  branches  of  the  third  nerve  which 
HUjiply  the  ciiiary  muscle.  The  jwiresis  may  (wcur  i^iiojiathi- 
eally,  or  be  due  to  tlie  action  of  a  mydriatic.  Conversely,  a 
spasm  of  accommodation,  from  wlmtever  cause,  sometimes  gives 
rise  to  nuicropsia,  Jis  the  consciousness  of  an  abuornmlly  feeble 
efTort  to  accoumiodate  the  eye  for  a  near  object  causes  the  i^bject 
to  HpjH'jir  more  dislnnt,  and  therefore  biogL'r  than  it  would  bu 
otherwise  estimated.  Mucropsiu  has  been  oliserved  after  the 
use  of  such  myotics  as  pilocarpine  and  eserine.  Aecomm«Klative 
micropsia  is  most  marked  the  nearer  the  object  lies  to  the  e^'e; 
accommodative  macrr)psia.  on  the  otlici  baud,  tlie  further  it  is 
removed  from  tlie  eye 

But,  l>esidcs  meUimorphopsia  due  to  defects  in  iicconuu'-Hla- 
tiou,  there  are  also  siitiilar  misjudgmciits  as  to  size,  caused  by 
abnormally  impeded  or  facilitated  movements  of  convergence 
of  the  optic  axes,  or  by  any  optical  conditions  which  i)ennit  of 
binocular  tixaiioii  with  the  axes  u\  vision  directed  sii  as  to  meet 
either  nearer  or  further  oil'  than  the  object  looked  at.  Tliufl, 
prisms  w^ith  the  bases  inwards  in  front  of  each  eye  aptK:*ar  t4» 
Tuiignify  owing  to  the  axes  of  vision  meeting  further  otf  tlmn  ihe 
objects  Irxiked  at.  Prisms  with  the  bases  outwards  hi  front  of 
each  eye  apjx^ar,  on  the  other  hand,  to  diminisli,  iu^  under  these 
circumstances  the  axes  of  vision  cross  in  front  of  the  objects  iixed. 
which  appear  nearer  and  consequently  smaller  than  woiilil  lx» 
the  case  without  the  prisms.  Operations  on  the  muscles  of  the 
eye  are  sometiu»e.s,  if  there  has  been  ju'cviously  binocular  vision, 
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followed  by  similar  apparent  alteration  in  the  size  of  nwii 
objects.  Metatnorphopsiu  due  U>  alterations  in  tlie  percipieni 
eleiueiitH  of  the  retina,  brought  about  by  chorcidal  exudation,  in 
clescribed  in  the  chapter  on  diseases  of  the  choroid. 

Svotmnala  ami  doudrd  vision. — When  a  patient  cuniplaius 
of  seeing  a  spot  or  spots  in  front  of  ilie  eye,  we  have  Krst  to 
inquire  whether  the  upjjearauce  is  stationary  antl  constant,  or  is 
only  seen  wlien  the  eye  is  suddenly  moved,  or  litis  an  indepen- 
dent motion.  Its  liehaAiour  in  these  respects  givas  a  clue 
where  U\  look  for  the  cjiuse.  When  stationary  and  always 
projet'led  In  the  same  direction  with  reference  to  that  taken 
up  by  the  eye,  it  will  either  lie  due  to  some  circumscribed 
opacity  of  the  cornea  or  lens,  jxtssibly  also  of  the  vitreous,  or 
to  some  change  in  the  retina  An  interruption  in  the  field  of 
vision  of  tliis  last  nature  is  called  a  positive  scotoma.  When 
there  is  ni»  consciousness  of  an  intetTUption  corresponding  to 
the  more  or  leas  blind  area,  the  scotoma  is  said  to  be  negative. 

Whei'e  a  lesion  primarily  involves  tlie  nen'e  fibres  of  tlie 
retina  the  resulting  scotoma  is  unperceivcd  or  negative ;  where, 
on  the  other  hand,  lesions  involving  the  retinal  pigment  and 
choroid  cause  the  scotoma,  there  is  more  or  less  consciousness 
of  its  existence.  This  Fnerster  explains  by  assuming  that  there 
is  unequal  stimulation  of  the  liglit-perceiving  elements  in  the 
defective  and  surrounding  are^s,  the  subjective  sensation 
a.ss<.K*iated  with  any  lesion  giving  nse  to  torpor  i)l  the  retina 
being  that  of  relative  darkness.  The  shape  of  a  positive  scotoma 
may  often  be  learnt  by  asking  the  patient  to  draw  the  outline  of  it 
on  a  piece  of  white  piiptfr.  Positive  scotomataare  generally  most 
markeil  in  subdued  light.  Where  the  spot  is  not  stationary  it  is 
generally  due  to  the  shadow  cast  by  something  in  the  Antrcous. 
A  le.ss  common  and  very  apparent  cause  is  the  movement  of 
a  dislocated  and  ofwque  lens.  Small  s]»(its,  or  viu^iccc  rolUanics, 
which  CAnnot  Ije  dete<?ted  witli  the  ophthalmoscope,  are  very 
commonly  complained  of  (see  musca-).  Clomhil  vU-ion  is  often 
met  with,  and  .shoidd  direct  attention  to  the  choroid  or  to  the 
IK>ssible  existence  of  glaucoma.  If  internuttent  in  its  char- 
!t«r,  tiiere  will  often  be  reason  to  suspect  glaucoma.  Patients 
fering  from  glaucoma  often  complain  of  seeing  everything 
clouded  even  when  found  on  examination  to  have  full  visual 
acuitv. 
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Sntsfitiojis  of  liffht  ami  colour. — Tliese  may  arise  even  when 
there  is  no  objective  cause  to  account  for  them — that  is,  even 
when  no  uniluhitions  of  the  ether,  such  as  are  capable  of  givti 
rise  tu  hiininuus  impressions,  find  tlieir  way  t:^>  the' retina.     A1 
purely  subjective  sensation  of  tins  kind  may  be  the  result  of 
mechanical  or  chemical  stimulation  of  the  nerve  fibres  of  th< 
retina  or  optic  nerve,  or  of  the  centres  of  vision.      The  lij;ht  sal 
seen  may  appear  coloured  or  uncoloured,  according  to  the  sit( 
aTid  nature  of  the  stimulation.     Further,  under  cei*tain  circum- 
stances, ciilmircd  hnuinfuis  impro.sHinns  may  be  received  whei 
the  objective  source  is  of  a  nature  which  should  only  give  ri 
normnlly   to   uneoloureil   light  sensations.      This   nuiy   l»e   du« 
either  to  causes  which  separate  the  compound  white  light  int< 
its  constituent  raj's,  or  to  such  as  give  rise  to  a  selection  of  some' 
rays,  and  at  the  same  time  a  greater  or  less  absorption  of  others. 

l>irect  pressure  over  a  portion  of  the  eye  l>ehind  \t&  equatorj 
produces    in    the   dark  a  so-called   pkoapknu-   or   sensation  ol 
light,  which  is  referred  to  the  opposite  side  of   the  field  ol 
vision.     If  a  similar  jjressnre  lie  made  in  tlie  light  instead  ol 
in  the  dark,  it  is  a  darkish  spot  which  is  seen,  the   retina 
being  apparently  rendered  by  such  mechanical  irritation  les^f 
resjHjnsive  to  stimulation  by  Light.      The  slight  stretching  to 
which  the  retina  is  subjected  by  the  action  of  the  ciliary  muscle 
also  gives  rise  on  its  sudden  discontinuance  to  a  faint  phospheue^fl 
which  may  be  experienced  by  suddenly  relaxing  the  accom- 
modation   in   the    dark.      l'hosphcn(^s    alsf)    ixn-iir  in   strained 
movements  of  the  eye.    These  appear  to  lie  most  marked  onM 
turning  the  eye  ujtwards,  and  are  probably  due  nioi-e  l(t  inter- 
mittent pressure  of  the  oculo-mot^jr  muscles  in  the  eyeball  than 
to  stretching  of  the  optic  nerve  by  the  movement.  fl 

The  presence  or  absence  of  colour  in  the  pliosphenes,  due  to 
stretching  of  the  retina  from  any  cause,  may  be  uf  importance 
lus  aflbrding  aome  indication  of  the  portion  strcLcluid,  apart  from! 
that  wliicli  is  indicated  by  the  locality  of  the  fiehl  to  which  the; 
are  projected.     The  uiiist  jteriiibcral  portions  of   the  retimi  an 
either  totally  colour  blind,  or  re(|uire  a  very  much  greal 
stimulation  to  give   rise    to   coloured   impressions  than  more 
central  portions.     Consequently,  when  they  alone  ure  mechani- 
cally stimulated  the  phosphenes  are  colourless.     As  a  genen 
nde,  indeed,  colourless  phosphenes  are  due  to  stretching  of  t\\\ 
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anterior  part  of  the  retina.  Such  colourless  and  indefinite 
phosphenes  iire  conipliiined  (if.  too,  where  tlicre  is  aiiglit  cyclitis. 
They  take  the  form  of  more  or  less  incomplete  circles,  and,  as 
they  are  not  constant,  are  iu  all  probability  brought  about  by 
movements  of  the  ciliary  muscle,  which  cause  dragging  of,  or 
resfture  on,  tlie  hyperseiisitivD  anterior  part  of  the  retinii. 

A  common  cause  of  coloured  vision,  owing  to  a  change  pro- 
heed  on  the  compound  rays  of  white  light  as  they  enter  the 
eye,  is  aflbrdwl  by  those  states  of  the  cornea  which  give  rise  to 
diftractiou.  In  looking  at  the  street  lamps,  for  instance, 
thinugh  the  glass  uf  a  carriage  window,  which  is  covereil 
with  the  closely  packed  particles  of  moisture  which  arise 
from  tlie  condensation  on  it  of  the  vajxiur  within,  one  fre- 
quently notices  the  lights  surroimded  by  coloured  hnloes.  The 
same  appearance  may  sometimes  be  observed  without  the 
intervention  of  the  glass,  and  it  is  then  usually  pathologicid  nnd 
due  to  a  similar  arrangement  of  intransparent  particles  in  the 
cornea.  This  sjTiiptom  of  seeing  Imloes  round  lights  is  one  of  the 
commonest  and  most  important  indications  of  the  early  stage  of 
glaucoma.  Although  a  frequent  symi)tom  in  glanconia,  such 
eolourctl  haloes  are  by  no  means  pathognomonic  of  that  dise-iise. 
They  may  be  seen  in  all  cfises  where  the  cornea  assuuios  from 
any  cause  a  diftuae  cloudiness.  Even  the  secretion  winch  in 
me  cases  of  conjunctivitis  gathers  across  the  cornea  may  give 
ri.se  to  them.  When  spontaneously  complained  of,  and 
especially  when  there  is  no  appearance  in  the  comea  at  the 
time  of  examination  to  account  for  the  halo,  and  when,  too,  it 
tloew  not  di.sappear  on  rubbing  the  eyes,  its  existence  is  strongly 
^^uggestivo  of  glauconm. 
^y  TtsA  for  the  prcjiencii  of  binocular  vision. — It  is  sometimes 
'  ncce>s8ary  to  determine  whether  in  any  case  binocular  virion 
exista  or  not.  This  may  bo  done  with  a  stereoscope  and  suitiibly 
Wrlect^d  pictures,  or  by  Hering's  method. 

I  have  found  tho  following  ft  coiivcuit.'iit  (»tepeo8COf>ir.  test  to  miopt. 
Thp  test  consiste  in  altering  simiiltaiu'ously  Lliu  piL'tures  proseiited  in 
the  stereo8coi>e  to  either  eye,  80  that  tlie  inipi-cssion  given  also  vnri»'8. 
If,  for  instuncf*,  in  Fig.  6,  the  Htuail  eirclcs  ".K-cupy  lh«  pofsitiunB  A  and 
B  rcsiwctivel}',  the  sUTc^wropic  iiiiiiT^Rsitiii  w  tliat  <tf  a  holhur  tylindiM' 
or  cune,  with  the  small  circK-  appearing  furthtT  aw«y  thiin  the  l»i"g<? 
one.  On  tho  other  hmul.  when  thft  small  circles  come  into  the  posi- 
tions A'  and  U',  the  ooue  ap]fcars  in  relief  and  *iolid,  the  small  circle 
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appi'iiriug  noxl  llie  fVOK.  If  itll  stn{»««  of  the  tniiisilioij  bt'tweoii  th«?fti 
two  i>ofiitioii8  Uf  pr<^entcil  to  tlie  eyes  (a-s  is  doin-  by  a  siiixplc 
mechiuiisiii  cousiug  ii  lat^'rnl  appro ximjition  and  separation  of  the 
small  circles)  the  stereoscopic  effect  is  ouc  of  movement  in  the  tliinl 
dimension.  The  small  circle  then  nppeaw  to  rise  from  a  plane  lower 
than  the  i»icture  to  one  which  lies  nearer  the  eyes.  TIuh  apparent 
movement  is  so  evident,  especially  if  tlie  cxjxrriment  Iw  made  in  seini- 
d;u*k.neft8,  that  y<"uijg  diildreji  can  at  once  Hay  whetlier  they  nuj  w;o  it 
or  not.     Seeing  it  trnjiHos  tht-  existciipo  of  Unilocular  vision. 

Ill  Hering's  metlioJ  the  patient  is  tfiiuseJ  to  look  with  both 
eyes  through  a  tuljc  Idackened  iuside,  and  across  one  end  of  which 
n  string  is  stietclied.  If  w  sniull  ijliject,  such  as  a  lie^ul  or  pea.  l»e 
dropped  immediately  in  front  of  or  Kdiind  tlie  thread,  any  one 
wiLli  binoeulur  vision  can  at  once  tell  wltether  it  has  fallen 


Kli;.  0. — Changeable  Ktureosoopio  tust  for  binoctiUr  virion. 

nearer  to  liis  eyes  or  furtljer  away  from  theui  than  the  thread. 
If  Vjiuocular  vision  he  ithsent,  a  few  triala  show  that  the  relative- 
distances  of  the  fidling  object  and  thread  c^inuot  l>e  appreciated. 


FntTIIKK  OJUFXTIVE   Ex.\M!NATIOX. 

ThA  ctamimdiun  of  Ihr.  r//r  hij  oblique  fovnl  illmninatiaii  is  of  I 
the  utmost  iini>ortance,and  should  always  he  undertaken  l)efarej 
making  un  i»phthahnoscoiiic  examination.  It  is  done  in  tJie 
folio wijij^  way.  The  rays  fi'oni  the  source  of  light  used  fur 
opjithnlmoscopic  cxaniinatious  are  concentrated  by  means  ol 
convex  lens  on  the  cornea.      By  slight  movements  the  focus 
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light  is  inude  to  full  on  diHereut  pu'ts  of  the  comen,  and  thus 
show  up  itny  imperfection.  By  its  means  any  cicatrix,  however 
faint,  can  be  dwUiCted.  By  approaching  t]»e  lens  slightly  to  the. 
eye  the  surface  of  the  iris  may  be  brilliantly  ilhauinated.  and 
more  thoroughly  examined  than  by  mere  inspection  without  the 
concentrated  light.  When  tliere  is  any  infiltration  or  deposit  of 
any  other  kind  in  the  coritea  which  calls  for  closer  examination* 
thi*  ubliipic  cxaniiniition  may  l>e  combined  with  siime  method  of 
mugnitication.  If  the  observer  be  shortsiglited,  he  may  l>e  able 
to  ay)proaeh  Hutiiciently  near  to  obtain  a  goo<l  lai'ge  image ;  but 
if  not.  another  convex  lens  may  l)e  held  in  the  other  hand,  and 
tlie  illujuinated  cornea  observeil  through  it.  A  rectangular 
portion  of  a  large  lens  is  very  suitable  for  this  puq>ose,  as  it 
admits  of  the  structures  being  seen  binocularly.  A  better  idea 
is  tlius  got  of  their  relative  deptlis.  For  the  more  minute 
examination  of  corneal  ufl'ectious  it  is  customary  to  use  a  strong 
convex  glass  placed  behind  the  ophtlialmoscope. 

T/u  action  i]f  the  pupU,  and  the  dogi*ee  to  which  it  coutnicts 
to  light,  may  be  tested  by  rellecting  light  on  the  eye  by  means 
of  the  ophthalmoscope  mirror.  In  this  way  the  light  can  be 
Hashed  on  and  ofl'  with  a  ver}'  slight  movement  of  the  hand 
holding  the  mirror.  Its  intensity  can  be  altered  by  altering  the 
distance  of  the  mirror  from  the  eye.  <ir  the  strength  of  the 
source  of  illujuination,  wliich  can  readily  l»e  done  if  a  giia  jet  l>e 
used.  By  keeping  a  constant  degree  of  illumination  on  the 
eye^,  and  directing  the  patient  to  keep  Hxing  the  finger,  as  it  Ls 
approachetl  gradually  nearer  and  nearer  to  the  face,  tlie  presence 
i>r  aWnce  of  ooutiactiun  of  the  ])U]»iIs,  wliich  is  normally 
associaUfd  with  accommodation  and  tlie  convergence  of  tJie 
visual  axes,  is  tested.  Even  in  cartes  where  the  patient  examined 
is  blind,  the  presence  of  a  relation  between  convergence  and 
pupillary  contractioi»  Tnay  be  tested  liy  causing  liim  lo  attempt 
to  look  at  his  own  linger  as  hi^  brings  it  nearer  and  nearer  to  Ins 
eyes.  This  wilLcause  him  to  converge,  and  if  there  exists  an 
associated,  pupillary  eontmction  it  will  llien  be  seen. 

EraminaJion  with  the  min'trr  alone, — The  central  aperture  of 
the  miiTor  is  held  in  front  of  the  observer's  eye.  wliilc  the  mirror 
in  given  such  a  direction  tliat  tlie  light  is  reflected  into  the  eye  lo 
he  examined.  As  a  rule,  nil  that  is  seen  by  the  observer,  whose 
eye  is  placed  behind  the  mirror,  when  light  is  reHected  into  the 
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piilieut*8  eye  with  the  mirror  lield  at  some  diKtaiico  from  it,  is 
ydli»\vLsh-rt'd  re Hection  from  the  bark  of  the  eye.      If  there 
any  detail  seeu  in  the  red  area  uf  rejected  light,  it  indicate*^ 
that  the  eye  exFimined  is  out  of  focus,  either  long  or  short 
sighted  ;  in  other  wortls,  that  there  is  ametropia.     Ou  the  t'ther 
hand,  if  the  tlmI  rutlex  Ls  either  not  seeu  <at  all  when  tlie  light 
hiis  heen  ]jroj>erIy  tlirected  into  the  eye,  or  is  found  to  be  mucl 
duUor  tlian  under  normal  conditions,  or  if  it  is  interrupted  bere^ 
iiiid  tliere  by  timre  or  less  dark  spots,  the  indication  thus  afllordcd 
is,  that  there  is  a  diffuse  or  circumscribed  opacity  or  opacities  in ; 
one  or  nion*.  of  the  transparent  media  of  the  eye.     If,  on  obliqutti 
exaniiuution,  such  opacity  has  not  beun  found  to  exist  in  the; 
pomea  or  lens,  it  may  be  inferred  tliat  ii  is  in  tlie  vitreous.      Ifl 
tlie  opacities  have  an  independent   movement,  or  are  wliat  iS' 
called  "  tloating;"  they  are  at  once  recognised  t«i  be  in  the  vit-' 
reous.     If  tlie  opacity  causing  the  interruption  in  the  red  reflex 
is  stationary,  it  is  observed  to  have  no  movement  independent  of 
the  eye,  althoiii;h  there  is  an  apparent  mnvi'incnt  as  the  eye  is. 
moved,  which  is  ^eater  or  less  according  to  the  position  of  the  I 
opacity.     If  it  lies  l»ehin<l  the  centre  of  curvature  of  the  corueA' 
(or  more  coiTectly,  the  image  of  that  point  which  lies  very  near 
the  point  itselfX  it  appears  to  move  in  the  opposite  direction 
from  the  eye.     If  it  occupies  a  position  in  front  of  the  centre  of 
curvature  of  the  cornea,  it  api)ears  to  move  in  the  same  directioa 
as  the  eye,  while  the  nearer  it  is  to  that  point  the  Icas  does  ic 
appear  to  change  its  position,      I'loatiug  opacities   are   most 
re^idily  made  rait  by  causing  the  patient  to  move  Ids  eye^  rapidly 
in  tlin'crent  directions,  and  tlien   to  keep   Lhem  steady.     The 
objects  tims  come  into  view  in  the  illuminated  area.     Opacities 
in  the  lens  ma}'  be  limited,  and  can  often  only  be  seen  if  the 
pupil  be  Well  dilated  with  a  mydriatic. 

There  are  two  ladlux/s  of  oblninimj  an  image  of  the  fundus 
of  the  ei/c  •with  the  ophthalmoscope,  known  as  the  indirect  and! 
fiirccf  metliods  of  examination.  Tiie  former  is  giMierally  |»ru- 
feruble,  and  in  most  cases  all  that  is  required;  but  when  au 
examination  by  this  method  does  not  afford  an  explanation  for 
an  existing  visual  defect,  or  wjieii  it  is  desired  to  study  more 
closely  any  pathological  changes,  the  direct  examination  sliould 
be  made  iu  addition^  as  by  it  a  much  greater  magiiitication  is 
obtained.      Special  attentiou  should  be  directed — (1.)  to   the 
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optic  disc,  and  notice  tuken  of  iu  colour,  the  size  aud  condition 
•  •■"■'    '  Is  which  lie  tm  it.  and  the  stJite  of  the  inune- 

lii     ^  i:;  ]>art-s;  (2.)  to  tlie  periphery  of  the  fundus. 

by  oansin^  the  patient  to  look  up  and  down,  to  either  side,  aud. 
If  neoessarv,  sli^'htly  moving  one's  iKwitiou  so  as  to  hring  the 
most  peripheml  iMjrtion^  into  view  ;  aud  (3.)  to  the  niacuhi  lutea. 
The  exAmination  of  the  region  of  the  macula  lutea  is  often 
diftiindt.  This  is  owing  to  the  greater  contraction  of  the  ])upil. 
whwh  takes  place  when  the  light  is  conceiitrat<>d  on  the  macula. 
Id  addition  there  is  a  disturbing  effect  prfMluoed  by  light  retiected 
fr  ■'  i-nrnea.  It  is  gcnomlly  Viest  not  to  ask  the  patient  to 
1'  ■  lly  at  the  ophthalmoscope,  but  sliglitly  t^J  one  side, 

uid  then  by  slowly  moving  one's  head  bring  the  macula 
ifi'  I  '^  In  this  way  a  view  of  it  is  often  wore  easily 
<•■  Often,  however,  it  is  imjM)ssible  to  get  a  satisfactory 

view  o^  the  macula  without  dilating  the  pupil.      When  the 

AT  ■  "(^  met  with  at  other  parts  of  the  fundus  is  not  snffi- 

«■  count  for  the  symptoms,  tliere  should  l>euo  hesitation 

ttboQt  u»iag  a  njydriatic  in  order  to  be  able  to  explore  the 
macula  properly.  It  should  Ix?  n  rule  never  to  leave  a  case 
witbovil  ha\ing  seen  it  thoroughly. 

The  best  mydriatic  for  the  purpose  is  liomatropiue,  as 
it  does  not  province  such  a  prolonged  paralysis  of  aceom- 
turtilation  as;  atropine,  tliough  it  has  the  disadvantage  of 
acting  conj?ideriibly  more  slowly.  It  is  also  safer  in  the  case  of 
old  people,  in  whnni,if  there  is  a  tendency  to  glaucoma,  an  acute 
attack  of  tJiat  disease  is  more  likely  to  be  set  up  by  atropine 
than  by  the  weaker  mydriatic.  The  eflwt  of  homatropiue  may 
be  hastened  by  combining  it  with  cocaina 

By  the  iiutirtxt  metfwd  of  cjaimimUion,  a  magnifie<l  inverted 
tBMge  b*  obtained  of  the  structures  at  the  Imck  of  the  eye.  The 
fibBerrer.  pUcing  the  biick  of  the  ophthalmoscope  mirror  in 
frtmt  nf  his  eye  in  such  a  manner  that  he  looks  through  the 
aperture  in  its  centre.  njrtiM;ts  t!ie  light  from  a  lamp  or  giv*  jet 
at  thi^  side  of  the  patient's  head,  into  the  patient's  eye,  and  from 
a  difltoiKv  of  12  to  18  inches.  With  the  otiier  hand  he  holds  a 
eoiivex  lens  of  a  strength  of  from  10  to  15  dioptres,  in  such 
a  niiUUicr  that  its  centre  comes  to  lie  in  a  line  joiuing  the 
patient's  ]>upil  with  his  own  pupil,  and  at  a  distance  from 
ibe  polieut*8  eye  about  eriual  to  the   focus  of  the  lens.     The 
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same  lens  should  always  be  used  in  making  examinationH, 
30  as  to  give  u  luiifonii  idea  of  the  relative  size^s  i»f  the  liiftrr- 
eut  pictures  t>htaiiunL  To  steady  the  lens  in  this  iX)sitiou. 
it  is  CListouuiry  to  rest  the  little  finger  against  the  |mtient't( 
forehead.  There  is  then  formed  an  inverted  aerial  image  of 
some  part  of  the  buck  of  the  eye  between  the  convex  leus  ami 
the  obsen'er,  which  the  oKserver  can  see  if  his  eye  is  properly 
ftccominodateil  fur  the  distance.  By  moving  the  head  l>ack  am 
forwards,  the  position  in  wltieh  the  imu^^c  can  he  iriost  distinct!] 
seen  is  soon  found.  It  will  be  further  away  the  greater  is  tl 
distance  of  the  oliserver's  near  point.  Hypermetropes  am 
presbyopes  generally  aid  their  acconniiodatioti  by  bringing 
small  convex  lens  Ijehind  the  aperture  of  the  uphlhalmoscopo. 
By  the  dhrH  c^mnumtiini  a  innguiHed  erect  iiuiige  of  t! 
back  of  the  eye  is  obtninetl.  The  observer  keeping  his  eyi 
lieiiin<l  the  aperture  in  the  ophthalmoscope,  reflects  the  lighi 
into  the  patient's  eye  from  a  distance  nf  less  than  two  incht 
and  receives  the  rays  which  jiass  buck  from  tlie  patient  s  ey< 
into  his  own,  and,  focussing  tliem  on  his  retina,  obtains 
image  of  the  structure  from  which  tliey  have  been  reHected'' 
If  the  observer  be  ennuetropic.  ami  tlie  patient  emmetropic 
and  unaecoimuodated,  the  image  is  obtjiined  by  the  eye  with- 
out any  aceunnnodation.  If,  on  the  otlier  liandj  the  patient's 
eye  be  hypermetropic,  the  observer  will  liuve  to  exert  a  pro- 
portionate amount  of  accommndation,  or  place  a  convex  leti^fl 
sufficient  to  correct  the  hypennetropia  behind  the  aperture™ 
in  the  ophthalmoscope  in  order  to  obtain  a  clear  inuige  of  the 
ftmdus.  If  tlie  patient  or  the  observer  hv  myopic,  the  latter 
will  only  obtain  a  proper  delinition  of  the  image  of  the  fundusj 
by  making  the  examination  through  a  concave  lens  of  sufficient 
atrengtli  placed  bclund  tlie  (jphthalmoscope.  It  follows,  ti 
that  if  the  observer  be  myopic,  and  tiie  patient  hypermetropic,  o 
viet  rcrstf,  no  lens  or  accommodative  eRbrt  will  lie  required, 
the  amount  of  tlie  defects  neutralise  each  other ;  while,  if  they  di 
not,  tlie  glass  or  accommodative  change  corresponding  to  th< 
difference  in  the  degree  of  ametropia  is  required  to  obtain 
distinct  image.  This  is  more  fully  explained  in  the  chapter  iin 
refraction,  and  auinot  be  properly  understood  unless  the  reader, 
has  some  knowledge  of  the  errors  of  refraction  commonly  mi 
with. 
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Both  with  regard  to  illumination  and  magnification,  the 
fundus  of  the  eye  is  seen  in  a  very  difleient  niainier  from  iiny 
other  part  of  the  body.  It  is  this  which  in  great  mwwiirc 
rauBea  the  difficulty  of  inteipretiiig  what  one  sees.  It  is 
ciist^^uiary  to  make  use  of  the  ilisc  as  a  convenient  measure 
with  which  to  compare  the  size  of  any  change  seen,  or  to  giuige 
the  distance  separating  such  changes  from  eacli  other,  or  frum 
any  point  (often  conveniently  the  disc  itself).  Thus  we  might 
talk  of  some  luemorrhage  or  other  spot  in  the  retina  being 
aljout  half  the  diamctur  of  the  disc  in  size,  and  situated  rattier 
more  than  twu  diameters  of  the  disc  below  it. 

The  relative  deptli  of  the  diflerent  parts  of  the  back  of  the 
eye,  seen  with  the  ophthahnoscope,  can  be  estimated  with 
tolerable  accui-acy  by  noting  the  number  of  the  lens  which  the 
unaccommodated  eye  requires  to  ohtain  a  clear  definition,  and 
ttllowiiig  ruughly  3  dioptitis  t»j  1  millimetre.  By  tlie  indirect 
examination  ditterences  xw  depth  are  rendered  apparent  by 
the  paraUactic  displacement  which  takes  place  when  the  con- 
vex lens  is  given  a  slight  movement  from  side  to  side.  The 
structures  lyhig  nearer  to  the  eye  then  appear  to  glide  over 
the  deeper-lying  parts  as  their  image  moves  more  rapidly  in 
the  same  direction  as  the  lens. 

A  fairly  good  stereoscopic  view  of  the  fundus  is  got  with 
the  binocular  ophthalmoscope  of  Giraud-Teulon,  which  is  so 
arranged  by  means  of  two  rhomboidal  prisms,  the  angles  of 
which  are  45"  and  135".  meeting  at  their  acute  angles  behind, 
and  at  the  centre  of  the  aperture  of  the  niirror.  that  the  aerial 
image  can  be  seen  with  Ixith  eyes  at  the  same  time. 

Many  forms  of  nphtliahnost^ope  ait;  in  ust:,  difl'ering  from 
each  other  mainly  in  the  kind  of  mirror  used,  and  the  arrange- 
ment for  Irtinj^'ing  different  lenses  lM.diind  tlie  aperture.  For 
estimating  rehaction,  it  is  of  advantage  Ut  l>e  able  to  bring  any 
lena  behind  tlie  mirror  without  losing  sigtit  of  the  fundus,  and 
this  can  i*e  done  with  most  njoderu  inslrumeuts.  But  there  is  a 
tendency  to  multiply  the  number  uf  lenses  and  introduce  reline- 
nieuts  in  the  mechanism  of  hanging  the  mirror,  &&,  which  only 
Id  to  the  cost,  without  in  the  least  increasing  the  practical 
sofulness  of  the  [wirticidar  ophthalmoscope.  Tlie  (hH'erence 
in  the  focal  strength  of  the  weaker  lenses  should  not  be  less 
than  one  dioptre. 
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Normal  Fundus  Oculi  as  seen  with  thb  Ophthalmoscopy 

A  great  variety  of  different  ophthalmoscopic  pictures  are 
presented  by  altogether  normal  states  of  the  back  of  the  eya 
Indeed,  the  art  of  ophthalmoscopy  consists  quite  as  much  in 
recognising  the  physiological  varieties  met  with,  and  in 
diagnosing  the  healthy  fundus,  as  in  understanding  the  nature 
of  any  pathological  changes  which  may  be  present  It  is  usuaify 
a  comparatively  easy  thing  to  recognise  the  different  diseases  <rf 
the  fundus  oculi,  often  very  difficult  to  feel  sure  that  there  are 
no  pathological  changes. 

The  colour  which  the  fundus  presents,  and  the  ammmt 
of  detail  which  can  be  made  out,  besides,  of  course,  depending  to 
some  extent  on  the  illumination  and  magnification  of  •  tiie 
ophthalmoscope,  vary  according  to  the  density  of  pigmentatioii 
in  the  hexagonal  cells  of  the  retina.  The  red  colour  comes  from 
the  vessels  of  the  choroid,  but  is  modified  by  the  pigment  in  tbe 
retinal  hexagonal  cells.  The  degree  of  pigmentation,  again,  bean 
a  pretty  close  relation  to  the  pigmentation  elsewhere,  so  that  a 
different  appearance  is  usually  presented  by  the  eye  of  a  veiy 
dark  individual  when  compared  with  that  of  a  light-haired  one. 
In  the  two  extremes,  viz.,  the  eye  of  the  negro  on  the  <Mie 
hand,  and  of  the  albino  on  the  other,  the  difference  is  very 
pronounced. 

Apart  from  the  actual  depth  of  colour,  it  is  usual  to  find  a 
want  of  absolute  uniformity  of  colour.  The  three  regions  where 
one  most  frequently  notices  differences  in  this  respect,  are  the 
periphery,  the  area  immediately  surrounding  the  disc,  and  the 
macula  lutea.  In  the  peripliery  there  is  often  more  or  less 
absence  of  pigment,  causing  a  lighter  colouration  and  greater 
visibility  of  the  subretinal  structures.  Round  the  disc,  on  the 
other  hand,  a  lighter  colouration  is  often  observable,  owing  to 
light  reflected  from  the  nerve  fibre  layer.  In  the  region  of  the 
macula  again,  where  the  pigmentation  is  greater,  there  is  always 
an  increased  depth  of  colour.  A  certain  regular  unevenness  iu 
the  colour  of  the  fundus  throughout,  giving  rise  to  a  stippled 
appearance,  is  more  or  less  recognisiible  in  different  cases  by  the 
magnification  obtained  on  dii-ect  examination. 

OphffuthnoHCopw  Appearances  of  the  Retina  in  Health. — 
The  retina,  with  the  exception  of   its  larger  blood-vessels,  or 
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more  correctly,  of  the  blood  column  in  the  vessels,  is  so  brans- 
parent  t)iMt  in  most  part>s  it  is  practicHlly  invisible.  In  some 
cyejj  there  is  to  be  seen,  and  i>arlicnlarly  in  the  neighbourhood 
of  the  niaculH,  a  kind  of  dull  sheen  of  reliected  light  from  the 
surface  of  the  retina.  In  niuny  eyes,  too,  there  is  a  more  or  less 
marked  stnation   visible,  stretching   from    tlie   disc   for  some 
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distance  in  all  directions,  but  mostly  upwards  and  downwiirds. 
This  striation  is  due  to  the  preaence  of  tin*  iiervti  Hbres  vvhi<'h 
spread  over  the  retina,  and  which  in  this  position  fonn  a 
thicker  layer  than  elsewhere, 

llie  maada  luUa,  or  yellow  spot,  is  an  area  occupying  the 
centre  of  the  retina  in  the  direct  line  of  vision,  its  centre  or 
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fovea  centralis  being  that  portion  in  which  the  visual  acuity  is 
greatest,  and  on  which,  tljerefore,  the  images  of  objects  directly 
"  fixed "  fall.  I'he  macula  is  recognised  by  its  occupying  u 
position  to  tlie  outer  siile  of  the  disc,  its  centre  being  about 
two  diameters  of  the  disc  from  the  disc  margin,  by  its  l>eing 
relatively  devoid  of  visible  blood  vessels,  and  by  its  diirker 
colouration.  Sometimes  it  is  seen  to  be  circumscribed  by 
a  bright  glittering  band  or  "halo"  of  reflected  light.  At 
the  centre  of  this  halo,  which  is  more  or  less  distinctly 
elongated  in  a  horizontal  direction,  lie^  the  fovea  ccatralU,  a 
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NiirmiU  Macula. 


whitish,  pinkish-svhite.  ur  siraw-coloured  spot,  often  preseritii 
at   the  same   time  a  very   marked    glitter.      The   horizoni 
dianioter  of  the  macula  is  gener»l]y  distinctly  greater  than  the 
ilianieUT  nf  Ihu  disc  ;  its  vertical  diametei,  ou  the  other  ham 
perhaps   hardly  as  great  as   that  of  the   disc.      The   dee] 
pi^inentatiun  is  somtftiiiies   pretty  sharply  defined,  but   raoi 
often  gradually   fades  oH'  into  tlie  colour   of  the    sunoundiuj 
fundus.     The  yellow  colour  of  the  macula  is  never  seen,  owinj 
no  doubt,  tu  the  preponderance  of  yellow  rays  in  the  light  used' 
for  examination.     The  halo  round  tlie  macula  is  mostly  seen  in 
children,  and  especially  in  deeply  pigmented  retina;,  and  hyper- 
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Uietropio  «yes.  The  band  of  reflection  prixluriiig  it  gradually 
fjuies  off  to  both  sides,  sometimes  sending  indefinite  streamers 
of  reflection  Wyond.  particularly  to  the  outer  side,  or  that 
furtliest  from  the  rlisc.  It  is,  however,  usually  pretty  sharply 
defined  along  the  edge  l}4ng  nearest  the  fovea,  where  it  borders 
the  more  deeply  pigmented  urea.  Often  a  complete  halo  is  not 
seen,  but  only  a  sickle-shaped  portion  of  it^  The  cnnca\nty  of 
the  sickle  then  appears  on  indirect  examination  turned  towards 
the  middle  line,  though  this  may  depend  to  some  extent  on  Uie 
j*o8ition  given  to  tlie  convex  lens.  The  reason  why  the  ring  is 
not  seen  in  the  same  way  on  direct  examiHatiou  is  partly 
because  of  the  different  direction  of  the  illuminating  rays,  and 
partly  because  tiie  illumination  is  feebler.  With  a  short  focus 
c'<»ncave  mirror  there  niay  be  more  k\x  less  indication  of  it  on 
direct  examination  in  cases  where  it  is  marked  in  the  inverted 
image. 

Often  at  other  parts  of  the  retina,  too,  in  young  individuals, 
reflections  similar  to,  though  leas  detined,  than  that  round  the 
macula,  are  seen  as  l^ands  of  liglit  beside  and  lietween  the 
larger  vessels.  The  appearance  of  tliese  reflections  is  not  unlike 
watered  silk.  It  is  most  marked  in  hypemietropes,  and  most 
distinct  if  the  pupil  lie  not  dilated. 

The  appeiirances  descrilxMl  above  us  potiiuil  reflot^tions  an^  iiroduced 
by  regular  reflection  frnm  the  surface  nf  the  retina,  the  refmetive 
index  of  whieh  dilVere  fr(»n»  that  of  the  vitruouK.  The  light  by 
which  the  various  dctiiiU  of  the  ophthiilmoHcopit:  picture  i^  ohUiiuetl, 
on  the  other  hand,  i»  the  irregularly  refleeteil  or  sciitteivd  light 
from  tho  fundus.  DiftcN'ot  comlitiona  detoruiino  the  extent  and 
difltinclneas  of  the  retinal  Deflections,  viz.,  the  macular  halo, 
fovciil  glitter  and  the  handa  of  li;<ht  uloug  ami  Wtween  the  Inrj^er 
veaseh).  They  depotid  upon  the  cunlciir  uf  the  retina  at  diflVrent 
places,  upon  the  extent  to  which  the  pupil  is  Hilcd  by  the  riiyB 
reKerU'd  \\^U^  tfie  eye  (or  the  shape  of  the  areu  of  ilhnnination  of  tho 
pupil),  upon  tlie  iuU'UBity  of  the  illumination,  and  prolwbly  also  u|>on 
individual  dif!'iT»^nce«  in  the  proj>ortion  between  the  refnu-tivi'  indices 
of  the  \atreou8  and  retina.  The  intensity  of  illumination  depends  not 
liuly  U(xin  that  of  the  sourci.^  of  lighl^  but  also  upon  the  size  of  the 
pupil ;  while  the  configuration  of  the  area  of  illumination  of  the  pupil 
\'ariee  with  the  form  of  ophthalmoscope  used,  imd  the  manner  in 
which  the  ]ic;ht  is  reflected  by  it.  Most  of  the  regularly  reflected 
ray»  uf  light  from  the  retina  of  the  eye  examined  do  not  leave  tho  eye 
in  such  a  direction  as  to  pass  through  the  afierture  of  the  ojihllud- 
moscope,  and  thua  enter  the  observer's  eye.     It  ia  only,  therefore^  from 
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those  parts  of  tho  retina,  the  contour  of  which  ia  sucli  wa  to  ^nv*-  h-» 
to  imfiges  fi-oin  M-hich  ra^'s  piies  throujiih  the  pupil  Hufticifntly  n-;^ 
the  obfiorvcr'a  lino  uf  A-ision,  tliat  IJj^ht  ivtioL'tioiia  are  seon.  Vani>UA 
expliiuiilions  Imvw  beoii  given  of  tht*  nianmT  in  which  these  reflpt-'tioii^ 
an*  formt'd  from  sniJjMtscd  irrepilaritifs  in  tin?  snii'ate  of  the  rcltna. 
It  is  only  recently,  aii«l  mainly  by  Dimmer,  timt  tlie  appearances  havt 
been  farefully  studied,  and  bn tit* fa eU>riIy  explainwl  in  accordance  with 
actually  observed  unutomical  iwculiaritiea  in  the  configuration  nf  thi? 
tetinol  surface.  Ho  has  shown  that  the  halo  surrounding  the  maiiila 
is  caused  by  re^ilar  reflection  fnjni  a  ciK'ular  elevation  in  this  situa- 
tion produce<l  by  a  greater  thickness  of  the  nerve  iibre  layer.  It  is 
owing  to  individual  ditVorcnee.s  in  the  size  and  conipleleneRs  of  tliif 
circular  elevation  that  dittereuces  LM'cnr  in  the  form  of  the  reflection 
from  it,  even  wlien  tlie  other  ronditiuuH  which  i-ender  the  reflection 
vi-*ib]e  ail-  eijiially  favourable.  The  j^lillerinj;  spot  at  the  fovea  i^  the 
visible  portion  of  an  iiniige  of  the  area  of  illumination  of  the  pupil  (or, 
morij  ('(iiTictly,  of  the  rcfiet-liiij;  ftn>a  of  the  ophtli  almost  ope  mirnn), 
formed  by  the  short  focus  reflecting  ctmcave  surfjico  <»f  the  centnd  pi 
or  de])roRsioii.  >Iany  of  the  larger  vessels  of  the  retina  ext*rnd  *uiq< 
what  beyond  its  inner  surface,  and  this  gives  rise  to  concave  cylindnw 
surfaces  of  short  focus.  It  is  by  reflection  from  the«e  surfaces  lh( 
the  liands  of  light  following  the  vessels,  and  which  are  often  seen 
lie  in  a  plane  a|)preciably  nearer  th«  eye  of  the  observer  than  tli 
vessels  themselves,  are  caused. 

The  Ci,ssf:h  of  the  rdina,  wliich  uppear  as  darker  lines   oi 
the  reddish  fundus,  are  seen  to  spring  from  th»^  disc,  or  iatr* 
ocular  termination  of  the  optic  nerve.     The  arteries  and  veins 
are  distingiiished  from  each  other  in   three  ways,  viz.: — (1)  b 
the  dianiet<fr  of   the  bbxid  column,  that  is  to  say,  by   thci 
apparent  relative  sizes;   (2)  by  their  colour;  and   (3)  by 
manner  in  which  they  reflect  li^ht.     The  coluniii  of  bIoo<i  iu 
arteries   is   narrower    than    that    in    the    corresponding    an< 
accompanying  veins.     The  colour  (tf  the  arterial  blood  is  ligliter, 
and,  lastly,  a  very  broad  band  of  lioht  rethlish  reflection  w  seen 
running  down  the  c^^iitre  (jf  tht*  artery.     A  streak  of  light 
seen  on  tlie  veins  as  well.     It  differs  from  that  on  the  arteries  il 
being  whiter  and  nnieh  narrower.     It  cannot  be  traced  so  ft 
along  the  course  of  tlic  veins,  and  is  often  seen  to  be  interriipt< 
at  places.     The  distiuctuess  of  the  line  is  greater  in  lx)th  arterii 
and  veins,  the  stronger  the  illuniinatinn  of  the  fundus.      The" 
lai'ger  the  pupil,  tliercforc,  the  more  distinct  does  the  appeai- 
anc€  become.     An  eiilai-gemeut  of  the  pupil  produces,  beside-s, 
an  increase  in  tlie  l>rcadth  of  the  line  on   the  veins,  but  doe-s 
not  letid  to  any  similar  alteration  of  that  ou  tlie  arteries. 
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The  light  streak  ou  the  veins  is  la  all  probability  caused  by 
i-eilet'tion  from  the  convex  surface  of  the  blood  column,  the 
refractive  index  of  which  differs  from  that  of  the  trauspai'ent 
walls  of  the  vessels.  The  line  on  the  arteries  has  usually  been 
referred  to  the  same  cause,  its  gi'eater  distinctness  l>eing 
supposed  to  be  due  to  greater  difference  in  tlie  refractive  indices 
of  the  arterial  blood  and  the  retina  It  has,  however,  been 
pretty  conclusively  shown  recently  by  Dimmer  that  tins  is  not 
the  case,  but  that  it  is  caused  by  reflection  from  the  blood- 
corpuscles  of  the  axial  current. 

The  explanation  offered  above  to  account  for  the  light  streak  on  the 
veins  vras  first  given  by  V.  Jaeger,  anri  waa  by  hiui  assumed  to  hold 
good  in  the  CAse  of  the  art^^rial  light  streak  iw  well  The  following 
pouDts  have  been  urged  by  Dimmer  in  proof  of  tho  ooiTectncfts  of 
V.  Jaeger's  explanation  as  far  jis  the  veina  an*  (Mincerneil : — ^If  the 
illuiiunated  pupil  l>o  taken  as  tho  object  whose  inmge  is  ix'flect<*d  from 
th«»  convex  cylindrical  mirror  fomied  by  the  hlwHl-culumn,  tlien  the 
streak  has  the  breadth  wliirh  it  sliould  have  if  it  l>e  caased  by  the 
rays,  which,  paswiii^  from  the  n'fleeted  image  Ihnmgh  the  pupil  of 
the  eye  examined,  art*,  .seen  by  the  observer.  It  increaHea  in  hicHiltli, 
too,  as  it  should  then  do,  on  llu-  enlargement  of  the  pupil.  The  line 
of  light  w  white,  jui*t  as  it  is  ftnmd  to  \y(\  in  exjieriments  where  a 
reHection  timloubUsdly  does  tike  place  from  tlie  convex  surface  of  a 
column  of  liquid.  It  is  ton  nun-ow  t^*  he  pprxlnced  by  ir^flectiijii  from  the 
corpuscles  containetl  in  the  axial  bhxxl-current.  In  dogs,  the  broad 
Btrmk  which  is  seen  on  the  veins  under  normaj  conditions  of  circula- 
tion is  changed  into  a  much  narrtnver  strciik  when  the  blood-curreut 
is  arrested  by  ligaturing  the  nplic  nerve.  The  iiairtwer  t^tivak,  which 
then  takes  the  place  of  the  bnmd  one,  con-eaimniis  in  breadth  to  what 
it  should  l»e  fmm  calculation. 

t  >n  tiie  other  hand,  the  ix'-asuns  for  believing  the  liglit  stnMik  ou  the 
artories  to  he  the  visible  expression  of  their  axial  bloiHl  eiirrenl,  are, 
acuorfling  to  Dimmer,  tluit  it  is  thrive  timei*  as  bmnd  :w  it  Hhrnild  Iw 
were  it  due  to  retlectioits  in  the  same  manner  as  the  str*!nk  on  the 
reins,  but  it  ci)rr«ji>iK»nds  in  breadth  to  the  streak  found  in  the 
retinal  veins  of  dogs,  wloch  the  expeninent  of  ligaturing  the  optic 
nerve  shows  lo  h^  caused  by  the  axial  current,  and,  lastly,  that  the 
colour  of  the  streak  is  distinctly  red.  The  red  colour  is  caused  by  tho 
transmission  of  the  light  reflected  from  the  axial  portion  of  the  bkHxl 
column,  thn>ugh  the  more  slowly  moving  peripheral  layers.  Why  it 
is  that  the  axiid  current  f*hould  be  visilde  in  the  veins  of  dogs,  and  not 
in  man,  is  pnjbably  sulKeieutly  explained  by  the  thirker  colour  of  the 
human  venouH  blootl. 

The  arterias,  besides  being  narrow,  are  more  tortuous  than 
the  veinfi.     Not  unfrequoutly  they  are  even  seen  to  twist  round 
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the  veins  at  places.  This  twisting  of  the  arteries  round  lln: 
veins,  tus  well  an  the  sharp  turning  of  the  veins,  which  often 
takes  place  as  they  cnier^'c  from  the  central  depression  od  tlw 
disc,  gives  rise  to  an  alternate,  visible,  partial  emptj-iug 
refilling  of  small  purtioiis  of  tlie  larger  truuks  on  the 
synchronously  with  the  heart's  action.  This,  which  is 
vmmu  puUadou,  is  a  very  common  physiological  phenomem 
not  to  he  confounded  with  visible  ptdsation  in  the  art«i 
which  is  probably  always  pathological 

The  main  trunks  of  the  central  artery  and  vein  diWde  on 
disc,  or  more  frequently,  some  time  before  they  come  into  vie 
into  a  superior  and  an  inferior  branch.     The  further  divtaic 
wlut'Ii  taktis  place  is  always  dichotomons,  the  naiTowing  becm 
ing  grailually  more  and  more  appreciable  as  the  vessels  i)a88 
the  periphery.     The  situation  in  which  the  main  division  of 
vessels  takes  ])lace  on  the  disc,  first  into  an  upper  and  lowi 
brancli,  and  therj  each  of  tliese  into  a  nasal  and  temporal  portioi 
is  subject  to  such  gi'eat  variety,  that  it  is  almost  impossible 
find  two  eyes  with  exactly  the  same  arrangement  in  this  res] 
Even  tiie  number  of  vessels  on  the  disc  is  not  constant 
site  at  which  the  first  division  takes  place  may  also  prodi 
some   diiTcrcnces   in   the   ophthidntoscopic  ajjpearance.       Thi 
when  the  artery  or  vein  divides  just  on  a  level  with  tlic 
having  up  to  this  point  coursed  in  a  direction  parallel  with 
axis  of  the  nerve,  the  appearances  presented  as  one  looks  \\o\ 
as  it  were  on  the  cross  section  of  the  main  vessel,  and  tliorefoi 
on  a  })erpendicular  column  of  blood,  is  that  of  a  much 
spot  at  the  point  of  division. 

Sometimes,  indeed  hy  no  means  seldom,  vessels  are  found 
the  outer  side  of  the  disc,  which  are  seen  to  spring  into  view 
its  margin.  l>etween  it  and  the  edge  of  the  choroidal  ring.    Th« 
vessels,  in  the  first  part  of  their  visihlt*  course,   are   usui 
directed  towards  the  disc.     After  making  a  more  or  less  exi 
give  curve  they  pass  into  the  retina.     The)'  apptyir  sometimes 
be  offshoots  of  the  central  vessels  which  have  passed  out  of  tbflif 
nerve  before  reaching  the  disc.     They  are  more  frequently,  how- 
ever, branches  of  the  short  posterior  ciliary  arteries,  and  hai 
received  the  name  of  cilio-rctinal  vcssch. 

Ophthalmoscopic  Appearances  of  the  Optic.  Nerve  i%  Health. 
The  optic  disc,  or  the  end  or  cross  section,  as  it  were, 
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optic  nerve,  that  portion  which  is  alone  visible  with  the  ophthal- 
moscope, receives  its  name  from  its  circular  ika'j^e.     Its  real 
diameter  varies  in  different  individuals  from  1*5  to  I'TS  mm. 
There  is  often,  too,  a  dift'eronce  accordiiig  to  the  direction  in 
wliich  the  meaauremeut  'v^  made.     It  is,  in  fact,  rarely  a  vei^- 
perfect  circle,  though,  in  the  majority  of  cases,  it;  is  very  approxi- 
mately cLi'ctilar.     Cousiderahle  diflerences  ai-e  met  with :  thus 
it   may   l>e   very  decidedly    elongated  in   one   direction,    most 
frequently  obliquely,  but  with  the  lonj^  axis  nearer  the  vertical 
than  the  hnri/nnial.     It  is  sonietinieH  flattened  more  or  less  at 
one  or  mote  parts.     It  is  inipnrtant  that  the  natural  oval  shape 
of  the  normal  disc,  Lu  some  cases,  should  not  be  confounded 
with   the   oval   form  s*'en,  owing  to  purely   optical  conditions, 
where  there  is  astigmatism.      lu  order  to  convince  ourselves 
that  the  oval  form  in  timl.  roally  presented  by  the  intraocular 
end  of  the  utTve,  we  have  only  to  withdraw  or  appi'oach  the 
convex  lens,  and  observe  Uiat  no  alterntion  of  shape  takes  place 
The  disc  is  far  from  ha\nng  a  uniform  colouration,  and  the 
colour  is  one  winch  is  not  very  easily  described.      It   is  subject, 
besides,  to  considerable  variation.     Tliis  should  be  rememl>ered, 
and  great   care   exercised   not   1o   infer   too  readily   that  an; 
apparently  excessive  degi'ec,  cither  of  palloi*  or  hy[iera?mia, 
pathological.     At  first  sight  it  is  markedly  pale  or  whit-e 
compared  with  the  rest  of  the  fundus.     Wtiat  gives  the  whi 
appearance  is  the  reflection  of  liirht  from   the  lamina  cribrosa,.] 
tlie  altered  sclerotic  coat  through  wJiich  the  nerve  passes.     But 
a  closer  iuspection  shows  that  the  disc  is  not  by  iuiy  mean; 
colourless.      It  presents  a  rosy-pink  colouration,  which  at  some 
jmrts  appears  as  if  mixed  with  grey,  at  others  with  blue,  and 
through  which,  one,  as  it  were,  sees  the  white  light  shining. 
The  colour  varies  according  to  the  degree  of  illnmirmtiou,and  ia 
less  uuiform  in  a  feeble  or  moderate  illumination  than  in  a  ver 
strong  one.     The  differences  in  colour,  too,  are  most  clearly  seca 
on  direct  ophthalmoscopic  examination.     The  most  markedly 
pinkish  portion  is  almost  always  a  greater  or  less  crescentic 
bit  of  the  inner  or  nasal  lialf  of  the  clisc.  tliat  portion  whieli  is 
farthest  away  from  the  macula.     This  part  is  often  so  decidedly 
coloured  that  it  presents  but  a  sliglit  diflerence  from  the  sur-' 
rounding  faudus  wlien  the  illnnum*tion  is  not  great.     There  is 
always,  however,  an  appreciable  ditlerence  in  hue. 
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The  pinkish  colour  of  the  disc  is  due  to  the  reflection  of 
light  from  the  blood  iu  the  vessels  which  supply  the  intraocular 
end  of  the  nerve;  and  it  is  owing  to  tlic  layer  of  nerve  tissue 
being  thicker,  and  consequently  occupied  by  a  greater  nTunl»er 
of  Moot!  vessels  to  the  inner  side  than  elsewhere,  that  the  colour 
is  deeper  iu  that  portion.  Less  light  penetrates  through  to,anii 
is  reflected  from,  the  underlying  lamina  eribrosa  than  in  other 
part"?,  where  there  is  n  thinner  layer  of  nerve  fibres.  The  least 
coloured,  and  often  decidedly,  even  intensely,  white  iK)rtion  of 
the  disc,  is  its  centre.  At  this  Hj>ot,  owing  to  the  sojuiratiou  of 
the  nen^e  fibres  in  all  directions,  there  is  a  little  conical,  funnel- 
shaped  depi*eaaiou  formed,  at  tlie  bottom  of  whic^h  there  is 
nothing  but  liie  lamina  crilirosa,  the  liglit  reflected  from  which 
does  not  stiller  any  alteration  l)efore  it  meets  the  eye.  The 
result  is,  therefore,  that  one  sees  a  white  circadar  spot  in  this 
-^tuation,  which  sometimes,  on  direct  examination,  exhibits 
Bome  indication  of  the  structure  of  the  lamina  eribrosa.  Often 
the  white  area  is  not  circular,  but  while  very  markedly  white, 
and  contnxsting  strongly  with  the  Iwrdering  coloured  j>ortion  to 
the  inner  side  of  the  dist*,  merges  more  slowly  into  a  ileej»er 
colouration  in  other  directions. 

Not  nnfrequently  starting  from  this  point,  a  sector-slmped 
area  of  the  outer  or  temporal  jMirtiun  of  the  nerve  is  very  devoid 
of  any  pinkisli  colour,  anil  present^s  instead  a  mottled  bluisii- 
white  aspect.  This  mottled  ai>pearance  is  due  to  reflection  of 
light  fr<tm  tlit*  himina  cribrosii,  and  the  nerve  bundles  which 
pass  througli  that  fibrous  meshwork.  The  strong  dull  white  is 
c^useil  by  reflection  diirct  from  the  filmnis  tissue,  the  steel- 
coloureti,  bluish-white,  more  diaphanous  ai)pearance,  on  the 
other  hand,  is  tlie  result  of  rejMjatetl  reflections  from  the  pits  or 
channels  in  the  connective  tisane  thifjugh  which  tht*  transparent 
nerve  fibres  pitss,  This  appearance  of  tlie  outer  half  of  the  disc, 
which  is  sometimes  seen,  appears  to  depend  more  on  the  aljsence 
of  blfj«Hl  vessels,  than  on  the  absence  of  nerve  fibres  in  that 
region,  althougli  they  uudoubUMily  form  there  a  shallower  layer 
than  in  other  parts. 

Occasionally  masses  of  pigment,  which  rarely  attain  any 
size,  are  seen  in  the  disc.  These  pigment  spots  are  mostly 
formed  near  the  m^irgins. 

The  margins  of  the  dise  are  always  sharply  defined,  though 
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sonietiiiitis  this  deliiiiLion  is  less  nmrked  aVjve  and  below  than 
elsewhere.  It  is  usually  seen  to  be  surroniuled  by  a  white  or 
slightly  yellowish-white  ring.  This  is  what  is  called  the  "scleral 
rinj^."  It  varies  considerably  in  breadth  in  different  cases,  bul 
is  most  frequently  very  narrow,  only  just  discernible  on  carefiiJ 
exauiination  by  tlie  direct  method.  The  scleral  ring  is  formed, 
as  its  name  implies,  by  a  surrounding  portion  of  the  sclera,  the 
white  colour  being  due  to  the  strong  reflection  from  that  coat 
Ti)e  opening  in  the  choroid  is  always  larger  than  that  in  tbe 
sclera,  and  hence  it  is  possible  t<3  see  this  portion  of  the  sclera: 
alLhougli,  owing  to  the  overhanging  of  the  expanded  intraocular 
end  of  the  ner\'e,  as  well  as  to  the  frequent  heaping  up  of  pig- 
ment at  tile  margin  of  the  opening  in  the  choroid,  the  view  of 
the  sclera  in  tliis  sitiuiLion  is  often  very  mucli  masked.  The 
portion  of  the  ring  to  the  outer  side  of  the  disc  is  commonly  the 
most  evident.  It  is  in  this  direeUon  ton,  mostly,  that  it  is  usual 
t^:*  find  some  pigment  accunnilated  at  the  margin  of  the  choroidal 
opening  or  "  choroidal  ring/' 

PJufmdoifim /  Ejxavation   of  the  Disc. — One   of    the   moi 
iuiporUmt   and    frequent   variations    from    the    typical    condi 
tion  of  the  disc,  is  that   to  which  the  name  of  pliysiological 
"cupping,"  or  " excavation,*'  of  the  disc  is  given.     This  variety 
in   the    conformation   of    the   intraocular   end   of    the   nerv 
is  met  with  iu  very  different  degrees  and  in  difi'erent  forn 
Altogether,  some  degree  of  cup]iing  is  alx)Ut  as  frequent  as  tl 
absence  of  any  cupping  at  all.    Altlumgh  they  vary  thus  greatly^ 
all  j)hysiological  excavations  have  the  following  cliaracteristics 
in  common  :  they  never  occupy  the  whole  area  of  the  disc,  and 
they  never  extend  deeper  than  to  the  lamina  cribrosa.    Further. 
the  condition  is  always   met  with  in   both  eyes,  though  n 
always  to  the  same  extent.    These  points  should  be  rememlw 
in  distinguishing  a  physiological  from  a  pathologicjii  excavation 
— not  always  such  an  easy  matter  as  might  be  supposed.  H 

The  physiological  excavation  is  merely  a  broadening  out  of^ 
the   normal  depression  met  witli  at  the  centre  of  the  nerve. 
The   sides,  or   some   part   of   the   sides,   of   this  widened   d 
pression  are  soniethnes   stee]?,  even   occasionally  overhaugiu 
at  other  times    sloping.      The   result   of   a    steep   cupping 
that  on   following    the   vessels    along    the   tlisc,   towards   ixs 
centre,  tliey  are  seen  to  suddenly  come  to  an  end,  owing 
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the  straight  dip  which  they  make  down  the  side  of  tlie  excava- 
tion. TJiey  reappear  at  the  bottom  of  tlm  excavation,  where 
they  are  not  in  focus  at  the  same  time  with  tiiose  on  the  surface 
of  the  disc  and  retina.  At  the  same  time,  the  deeper  lying 
portions  often  look  as  if  tliey  were  not  continuous  with  the 
others,  owing  to  the  change  in  direction  which  has  taken  place 
in  the  portions  hidden  from  view.  The  white  area  of  excava- 
tion contrasts  very  markedly  with  the  pink  surrounding  portion 
of  the  disc.  The  vessels  in  this  white  area  which,  when  those 
on  the  retinal  surface  are  in  focus,  look  paler,  as  it  were  washed 
out,  and  on  which  the  clear  streak  of  reflection  isalxsent,  assume 
a  more  normal  appearance  on  accuratt?  focussing.     At  the  same 
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time,  the  indefinite  white  or  bluish-white  area  on  which  they 
lie  also  comes  into  focus,  and  shows  more  or  less  of  the  reticu- 
lated st-eel  grey,  or  blue  and  white  inesliwurk  of  the  structure  of 
the  lamina  crihrosa.  Tfie  muttlcd  bluish  marking  is  very 
ditlcrent  in  ditteix-ut  cases,  as  it  is  only  seen  when  the  nerve 
fibres  have  last  their  myeline  sheath  at  some  distance  back.  In 
the  more  funnel-shaped  excavations,  the  vessels  may  be  traced 
down  the  side  of  the  cup. 
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Til  all  riippiu^fs,  hut  most  markedly  in  the  sharp  ones,  the 
vessels  at  their  points  of  Hexure  appear  darker,  owing  to  ones 
looking  down  upon  a  deeper  coUuun  of  hloftd.  However  sharply 
the  vessels  niny  l»t'.nd  over  the  nmr>^in  of  the  cup.  they  are 
always  seen  to  course  over  some  portion  of  the  normal  disc 
before  jnisaiug  into  the  retinjL 

Ophthalmoscitpic    Appcaranvea    of    the    Normal    CJuirtr'a!. — 
Wlien   the   pigment   in   the  hexagonal  cells   of   the  retina  b 
ahundant,  all  that  can  be  seen  of   the  choroid  is  tlie  red  or 
orange-red  colour,  wliich  the  Llood,  in  its  numerous  blood-vessels 
and  capillaries,  gives  to  the  I'uudus  of  tiie  eye.      The  intensity 
of  this  colour,  too,  is,  as  has  been  said,  dependent  upon  the 
density  of  the  pigment,  so  tluit  the  red  is  much  less  pronounced 
in  very  dark  individuals.     WIrtc  the  pigniunt  in  the  liexagonal 
cells  is  scanty,  on  the  other  hand,  the  vessels  of  the  choroid 
come  into  view.      As  tlie  hirger  trunks  of  the  choroidal  veina 
lie  towards  the  equator  of  the  eye,  the  structure  of  the  choroi 
is  often  more  visible  at  the  periphery  than  at  the  centre,  whe: 
too  the  pigment  is  usually  more  dense.      0^^  this  account,  it 
comparatively  rarely,  under  normal  conditions,  that  much  of  tl 
choroid  is  seen  at  the  centre  of  the  fundus. 

Tlie  choroidal  vciv^,  when  visible,  present  tliemselves   as  a 
dense   network   of  broad   and   murow   .stripes,   of   a    pale   red» 
orange,  or  yellow  colour,  separated  by  lighter  or  rlarker  inter 
spaces,  according  to  the  amount  of  pigment  conUuned  in  th 
stroma  of  the  clioroiil.      If  tliere  is  a  great  absence  of  pigmen 
both  in  the  hexagonal  cells  and  in  the  choroidal  stroma,  the'l 
veins  of  the  choniid  may  be  vlsilile  in  Iheir  finest  ramifications, 
or,  at  all  events,  as  far  its  the  uiaginfication  of  the  ophtlmlmo- 
BGOpic  image  admits  of.      The  Interspaces   then   appear   non-fl 
pigmented,  and  reflect  a  yellow  or  reddish-yellow  light.     They 
\'ary   in   size,  and   their  shape   is   mostly  tliat  of  an  irregulai 
rectangle.      The  interapaces   are  more  elongated  towards  the] 
perii'hery  than  at  the  centie,  in  the  region  of  the  macula. 

Sometimes  tlie  choroid  it.sclf  is  well  supplied  with  pigment, 
altho\igli  that  of  the  retina  is  sparse.  The  interspaces  are  then 
darkly  pij^mented,  and  only  the  larger  ve.ssels  are  visible. 

A  Zone  at  the  extreme  perijiliery  of  tht  choroid  which  lies 
anterior  to  the  equator  of  the  eye,  cannot  be  seen  with  the 
ophthalmoscope. 
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Senile  Changes  in  the  Fundus. — In  addition  to  the  great 
physiological  varieties  and  congenital  anomalies  which  are 
met  with  in  the  fundus,  there  are  often  to  be  seen  certain 
marked  senile  changes,  which  are  not  necessarily  of  the 
nature  of  disease.  Thus  the  optic  disc  may  lose  its  semi- 
transparency,  and  become  more  or  less  muddy  or  dull  in  appear- 
ance, without  any  pathological  change  being  thereby  indicated. 
Depigmentation  of  the  retina,  which  may  occur  in  patches 
here  and  there,  admitting  of  the  structure  of  the  choroid 
coming  into  view,  is  common  as  a  senile  change.  A  degree 
of  atrophy  of  the  choroid,  presenting  itself  in  a  broad  band  of  a 
dirty  yellowish  or  straw  colour  surrounding  the  disc,  is  often 
seen  in  old  people. 


CHAPTER    11. 

DISEASES  OF  THE  EYELIDS  AND  LACHRYMAL 
APPARATUS. 

Diseases  of  the  Eyelids. 

The  obvious  function  of  the  eyelids  is  to  protect  the  eyes 
from  external  injury,  and  thus  preserve  the  transparency  of  the 
cornea.  The  lids,  with  their  lashes  or  cilia,  prevent  substances 
of  any  size  coming  in  contact  with  the  cornea,  and  furnish  an 
oily  secretion  which  lubricates  the  surface,  and  thus  obviates  any 
intransparency  of  the  cornea  which  might  arise  from  the  drying 
or  hardening  of  the  superficial  layers  of  its  epithelium.  The 
tears,  too,  aid  in  this,  and  at  the  same  time  tend  to  wash 
away  any  minute  substances  which  may  lodge  within  the 
eye. 

A  few  points  in  connection  with  the  anatomy  of  the  lids 
may  be  here  referred  to,  as  it  is  neces-sary  to  be  acquainted  with 
these  in  order  to  understand  the  pathology  of  the  diseases  which 
affect  the  lids,  and  to  follow  the  descriptions  of  the  various 
operations  which  are  performed  on  them.  The  lid  aperture 
varies  considerably  in  length  in  different  individuab,  and 
always  appears  larger  when  the  eyes  are  prominent,  and  smaller 
when  they  are  sunken.  The  points  where  the  upper  and  lower 
lids  meet  at  an  angle  are  called  the  outer  and  inner  catUhi 
Rather  less  than  a  quarter  of  an  inch  from  the  inner  canthus, 
and  just  at  a  point  where  the  lid  margins  begin  to  narrow,  are 
situated,  both  above  and  below,  the  slight  papilliform  elevations 
in  which  the  little  channels  or  canaliculi  leading  to  the  tear  sac 
end.  The  small  punctiform  apertures  leading  into  the  canali- 
culi  are  the  so-called  puncta  lachrymalia.  The  eyelashes  spring 
from  the  outer  portion  or  edge  of  the  margin  of  the  lid ;  their 
roots,  which  are  from  2  to  3  mm.  long,  being  embedded  in 
the  dense  fibrous  tissue. 
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Tlie  substance  of  that  portiou  of  tlie  liil  wliicli  covers,  or  is 
directly  applied  to  the  eye,  is  composed  of  foiu*  layers,  which, 
proceeding  from  withiu  outwards,  are  (1)  tlie  conjunctiva: 
(2)  the  Ursus ;  (3)  a  layer  of  muscular  fibres :  and  (4)  the 
skin.  lu  this  situation,  the  conjuuctivu  is  verj*  closely 
adherent  to  the  underlying  dense  fibrous  tissue  or  tarms. 
Beyond  this,  it  is  thrown  into  fohls,  and  only  supported 
behind  by  a  much  looser  connective  tissue.  The  tarsus 
of  the  lower  lid  is  an  insignificant,  nan*ow,  and  thin 
stmctiu-e ;  in  the  upper  lid  it  is  thicker  and  ranch  deeper. 
and  to  its  free  margin  is  attached  the  tendon  of  tl»e  levator 
piilpebra?  superioris.  An  oily  secretion  is  fonued  in  the  tarsal 
ox  Mcihcrjiiian  f/laut/s^  and  pat^es  out  of  numerous  ducts  which 
oi)eu  along  the  margin  of  tlie  lid.  Immediately  below  the  skin 
of  the  lid,  which  in  extremely  lax  and  moveable  in  all  diiec- 
tions,  is  tlie  orhiculitr  vrusck,  the  function  of  which  is  to  cluse 
the  eyes.  This  niusc^le,  which  is  supplied  by  the  seventh 
nerve,  is  a  large  Hat  structure,  composed  entirely  of  vohmtary 
muscular  fibres,  and  extending  over  the  margins  of  the  orint, 
abfive  and  below.  It  has  loinHndU.s  attachments  to  the  inner 
and  outer  palpebral  ligiimeut^ 

The  upper  lid  is  raised  by  tliy  levator  palpebra'  superiuiih, 
which  is  innervated  by  the  thinl  nerve.  To  some  extent  also 
that  muscle  receives  assistance  from  a  bundle  of  non-striped 
fibre™**,  which  lie  under  the  cunjunctivn,  and  are  attached  to  the 
free  edge  of  the  tarsus.  These  fibres  ore  generally  called  Mullers 
vi-u^t ;  they  also  exist  In  the  lower  lid.  and  are  imiervated  by 
sjTDpatlietic  nerve  fibres. 

Blepharitis. — This  is  one  of  the  most  common  affections. 
It  occurs  mostly  in  children  who  aixi  either  strumous  or  ill- 
nourished,  and  dirty  and  ill-cared  for.  Often  it  begins  after 
meai*le8,  and  is  not  infrequently  associated  witli  catiirrhal  or 
phlyctenular  coujunctivitis,  and  with  infiammation  of  the 
lachrymal  sac.  The  intlammation,  whicli  is  often  termed  tinm 
tftrsi,  or  opht/uilmiii  tarsi,  is  an  eczema  of  tlie  margin  r»f  the 
lid.  It  begins  with  hypentnuia  and  increase  of  the  secretions. 
When  tins  is  not  attended  to.  the  secretion  becomes  fibrinous 
and  glutinou.s,  and  seals  the  eyelashes  together,  forming  crusts 
or  scales,  under  which  a  pnx^ss  of  ulceration,  leading  to 
destruction  of  their  follicles,  takes  place.  The  affection  is  met 
4 


so 


DISEASES  OF  THE  EYELIDS. 


with  in  very  difl'erent  degrees  of  severity,  from  what  is  merely 
a  tendency  to  slight  scaliness  of  the  lid  luargin,  to  tk 
formation  of  niarkfd  pu.stules,  the  irritation  of  which  rausefi 
considerable  oedema  and  inflainmatory  swelling  of  the  lid  Ii 
is  very  chrniii*?,  many  wises  seen  in  hospital  practice  ha\'iii^ 
existed  for  nioutlis  and  years  before  any  advice  Is  sou^;ht 
When  not  treated  in  tim**,  it  leads  wlien  severe  to  conipkl* 
destruction  of  the  eyelashes.  Often  a  few  eyelashes  are  found, 
after  healing  lias  taken  place,  to  be  misdirected,  owing  U 
cicatricial  contractinn  roinid  their  follicles. 

The  treatment  of  l>lepharitis  consists  in  first  removing  the 
scales  or  scabs,  and  then  applying  X^y  the  raw  surface  the  yellow 
ouitmeut  of  Pageustecher  (8  gi-s.  to  31  of  yellow  oxide  of  mercuiy. 
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Fig.  U.— Blepharitia. 


5i.  of  luwoline  or  spermaceti  ointment,  mixed  with  a  few  dro] 
of  olive  oil).     This  ointment  should  be  applied  at  least  twice 
day,  morning  and  evenings  and  is  greatly  superior  to  any  oth< 
pre]i(iratinn  of  ninrniry,  either  tiie  red  oxide  or  the  mitiipil" 
nitrate.     Tlie  scabs  may  be  removed  with  a  piece  of  quill.     Tliii 
can  be  done  without  much  pain  if  the  surface  has  l)een  pi 
viously  soaked  for  some  time  with  an  alkaline  lotion   (aW)! 
5  grs.  of  bicarbonate  of  soda  to  Si.  warm  water).     A  thorouj 
removal  of  the  scales  should  be  made  before  each  applicatiou 
the  ointment.      As  a  rule,  it  is  only  the  first  time  that  auj 
ditliiulty  is  experienced  in  doing  this,  ko  tiiat  when  the  ci'us( 
are  thick  and  copious,  it  is  better  for  the  surgeon  to  remot 
them  liiinself.     He  may   then   apply  a   little  caustic  6oIuti< 
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^  I  grs.  of  nitrate  of  silver  to  51)  Along  tlie  raw  surface.  Some- 
times it  is  advisable  to  cut  the  eyelashes  tjuite  short  before 
removing  the  crusts,  or,  when  only  a  few  remalu,  they  umy  he 
dpilaced.  Tn  obstinate  eases  the  eouditiou  of  the  lachrymal  sac 
siiould  be  looketl  to,  tis  it  is  often  necessary  1^:1  treat  it  in 
accordance  with  the  rules  laid  dowu  at  page  To,  before  the 
blepharitis  can  be  pernmnently  cured.  This  will  be  found 
almost  inviU'iahly  to  !«  the  case  where  the  blepliaritis  is 
nnilatenil,  an<l  has  resisted  local  treatn»ent.  The  state  of 
refractiou  should  also  be  ascertained.  Hy|)ermetropia  and 
rtstijymatism  have  certainly  some  influence  in  keepiuy  up, 
though  it  is  unlikely  that  they  actually,  as  many  supjKise.  give 
rise  to  this  condition. 

HoKDEOl.r.M  or  Stye  is  an  acute  inHamnrntion  <tf  the  (cellular 
tissue  of  the  lid,  leading  to  suppumtion  which  points  at  the 
margin  of  the  lid.  Often,  like  lK)iLs  elsewhere,  it  is  the  tissue 
surrounding  the  root  of  an  eyehish  which  becomes  inflamed.  The 
inflammation  causes  very  cousiderable,  i»ften  throbbing,  pain,  and 
generally  a  good  deal  of  a?denmtous  swelling  of  the  lid.  The 
swelling  may  he  so  gi^e^it  as  to  almost  completely  mask  the  stye 
it»self.  Sometimes  two  or  more  occur  at  the  sanie  time,  and  not 
infrequently  there  is  a  tendency  for  crops  of  them  to  appear  in 
successioiL  The  point  to  Ijc  remembered  in  the  diagnosis  is  the 
tendency  to  ix>int  at  the  margin  of  the  lid.  In  this  respect  a 
stye  differs  from  a  8upj)uniting  tarsal  cyst  (see  page  54),  with 
which  it  might  be  confounded.  Styes  may  sometimes  undergo 
absorption  without  bursting  and  discharging  externally,  as  is  the 
case  with  localised  inHanuuations  in  other  parts  of  the  face — 
for  instance,  the  nose  and  tlie  ear,  where  the  tissues  in  which 
the  iullajuimatiou  takes  j)hiee  are  very  <lense. 

Tlie  irf/itmcnt  consists  in  Jijiplying  compresses  of  lead  or 
.'iluni  lotions.  If  a  st^'e  is  on  the  point  af  bursting,  it  may  be 
poulticed ;  but  this  is  not  otherwise  advisable.  The  same  may 
be  said  with  reference  to  incision.  AV'hen  crops  nf  styes  appear, 
a  course  of  some  aperient  mineral  waUu'  followed  by  iron,  and 
tlie  local  applic4ition  twice  daily  of  mitigated  nitrate  of  mercury 
ointment  (one  part  of  the  ointment  of  the  pharmacopceia  mixed 
\\ith  seven  parts  of  lard)  often  does  goo<L  A  generous  diet, 
open  air  exercise,  and  change  of  au',  are  also  imlicated. 

MOLLUSCUM  CoNTAGiosUM  is  another  affection  frequently 
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met  with  iiloug  the  margin  of  the  lids.  It  occurs  on  the 
skin  of  the  lids  as  well,  and  tliere  the  t-ysts  may  att4iin  a  greater 
size.  The  circular  simpe  of  tlie  swellings,  nnd  the  little  depres- 
sion in  the  centre,  give  to  them  quite  a  characteristic  appear- 
ance. They  are  often  found  in  severjil  niemWrs  of  the  J«aiin? 
family.  The  affection  is  common  in  children,  and  occasionallv 
goes  on  to  suppuration. 

The  (rcafmait  consists  in  snipping  ofl'  the  smaller  growths 
with  a  pair  of  scissors,  and  in  transfixing  the  larger  ones,  anJ 
pressing  out  the  sebaceous  matter  which  tliey  contain  ;  the  cj'M 
wall  may  lie  drawn  out.  too,  with  a  pair  of  hue  forceps. 

Wauts.  1*ai'ILU)Mata,  and  Tkaxslucent  Cysts  also  occnr 
along  the  liil  margin.  They  should  Ijl*  remove<l  with  as  little 
mutilation  of  the  normal  tisijues  as  possible,  so  as  to  avoid  any 
misdirection  of  the  e_velashes,  whicli  is  liable  to  occur  from 
cicatricial  contraction. 

Hkrpes  Fuontalis. — This  is  a  rather  uncommon  disease. 
The  eruption,  which  is  limited  to  the  one  side,  generally  occius 
on  the  forehead  and  lids,  iind  sonu'times  the  side  of  the  nose  as 
well,  Wlien  the  branch  from  tlie  tiflh,  which  supplier  the  siii** 
of  the  nose,  is  aftiected,  the  cornea  may  become  ulcerated,  and 
the  iris  inHamed.  The  eruption  is  preceded  by  intense  neunilgi», 
wliich  rarely  lasts  more  than  a  day  or  two,  though  occasionally 
much  longer.  The  blebs,  wliich  then  appear,  are  at  first  cletr. 
After  two  or  three  days  tlieir  contents  become  muddy  :  ulcera- 
tion then  tjikes  place,  iind  they  eventually  leave  seaiu  Tlie 
scabs  fall  oft  in  alxiut  two  weeks  from  the  appenmnce  of  the 
eruption,  but  the  neuralgia  mny  continue,  although  tlie  skiu 
itself  is  more  or  less  an;estbetic.  I  have  seen  the  eniption 
confined  entirely  to  the  upper  lid,  and  in  one  case  it  occurred 
first  on  one  wide,  and  tlien  on  tfu»  other,  after  several  years' 
inten*al.  I  have  also  seen  recuirence  on  the  same  side.  Sucii 
cases  have  been  described  by  Nieden  as  associated  with  chronic 
intlammatory  conditions  of  the  cervical  vertcbne.  Hei-pes 
frontalis  is  cousiderubly  more  common  in  men,  especially  old 
men,  than  in  women,  ami  is  said  to  occur  twice  as  often  on  the 
left  side  as  on  the  right.  Tlie  disease  has  been  shown  to  he 
prfwinced  by  a  lesion  of  the  Ciasserian  ganglion,  but  it  is  doubtfid 
whether  tliis  is  always  the  cause. 

Ko  local  treatment  is  called   for.     AVbrn  the  neuralgia  is 
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severe,  subcutaneous  injections  of  morphia  are  useful.  After 
recovery,  the  patient  should,  if  possible,  be  sent  for  change  of 
air,  and  the  diet  should  be  nourishing. 

Xanthelasma. — This  is  the  name  given  to  a  yellow  patch 
of  irregular  outline  which  occurs  iu  the  skin  of  the  lids.  It  is 
almost  always  met  with  iu  both  upper  lids  at  the  same  time, 
though  tlie  patch  may  be  much  larger  and  more  prominent  in 
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the  one  than  in  the  other.  It  consists  of  fibrous  tissue  contain- 
ing some  altered  blood  pigment. 

The  patches  may  be  removed  without  difficulty  if  the  patient 
wishes  it,  as  is  sometimes  the  case,  on  account  of  tlieir  somewliat 
unsightly  appearance. 

Eczema  may  extend  to  the  lids  from  other  parts  of  the  face, 
or  begin  originally  in  the  lids  as  an  extension  from  a  con- 
junctivitis or  a  blepharitis,  which,  as  we  have  seen,  is  in  reality 
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nothing'  else  than  an  eczema  of  the  lid  Timrgin.  Some  people] 
are  pariicnlurly  subject  to  this;  thus  I  have  seveml  times  seen' 
an  acute  eczema  of  tlie  lids  set  up  by  compresses  of  C'orro&iv?| 
sublimate  solutirtu  even  in  the  dilute  form  (1-5000),  in  which  it 
\&  found  useful  a.s  ixn  antiseptic  preparation  in  various  affecliowj 
of  the  cornea,  and  iis  a  dressing  after  operations  on  the  eye.  \\ 
is  occii.*siona]ly  also  set  up  Ity  atropine,  when  used  as  an  anodyiM 
and  mydriatic,  in  diHiTcnt  affections  of  the  eye.  Conjunctivitis^ 
in  children  is  frequently  iisaociated  with  eczema,  generally  dtif 
to  tlu*  practice  of  poulticing  the  eyes,  which  is  a  comnjon 
poptdar  remedy,  r>ftcn  loading  to  mucli  increase  in  the  sevi^riiv 
of  what  w^oukl  be  otherwise  very  slight  aibneutii. 

Tn  adults,  zinc  ointment  or  boracic  aciil  ointment  are  a^  giK»l 
local  applications  as  any;  in  children,  perhaps  iiotlnng  is  l^eltvr 
than  Pagenstecher's  ointment,  the  piirt  being  well  washetl  first 
with  black  soap  and  water. 

Milium,  or  snmll,  circular,  white  uimours,  lurely  more  than 
a  pin's  head  in  size,  are  often  found  in  considerable  numbers  iu 
the  skin  of  the  lid  and  cheek.  The  epidermis  covering  them  is 
very  tinn,  so  that  they  are  of  :l  pciirly  white  colour. 

They  are  removed  by  incision,  and  by  squeezing  out  ihc 
compressed  and  altered  epidermis  which  they  contain. 

Chalazion,  or  Taiwal  Cyst,  is  a  small  tumour  situated  in 
the  tarsus.  Tt  may  grow  to  the  size  of  a  small  hazel  nut,  but 
is  rarely  nnicli  bigger  tliaii  a  good-sized  pea.  Sometimes 
uumbe.r  of  these  tumours  occur  at  the  same  time,  or  iit  in- 
tervals, in  the  same  individuala  The  skin  of  the  lid  is  alwai 
freely  moveable  over  them,  while  the  conjunctival  surface 
moi*e  or  leas  involved.  The  conjunctiva  over  the  chalazit^i 
may  be  merely  thinned  and  reddened,  and  present  a  kind 
gelatinous  appearance  fnjuj  the  shining  through  it  of  the  under*J 
lying  tumour,  or  it  may  bo  converted  into  what  looks  exact]; 
like  gianulation  tissue.  Chalazion  is  a  tumour  causetl  by 
retention  of  .secretion  in  the  glands  of  the  tarsus,  followed  bl 
an  iuHammation  of  the  surrounding  tissues.  If  the  inHamnu 
tion  be  acute  it  goes  on  to  suppuration,  and  such  cases  muj 
give  TIRO  to  an  appearance  not  unlike  thnt  mot  with  from  o' 
stye.  The  chahuion  always,  however,  points  souiewhore  on  the 
conjunctival  surface  of  the  lid,  whereas  the  stye  points  at  the  ] 
margin.     When  properly  removed  a  chalazion  does  not  recur. 
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Trealweiif. — The  contents  of  tlie  cyst  shoulil  be  shelled  out 
through  an  incision  made  in  the  conjunctiva  covering  it.  It  is 
best  to  make  the  incision  vertical,  and  therefore  ixiralk'l  with 
the  direction  of  the  glands  in  the  tarsus.  It  is  not  advisable, 
AS  is  sometimes  done,  to  cauterise  the  cavity  left,  but  a  little 
rough  manipulation  with  u  small  scwjp,  after  the  c^^nt^nts  have 
nil  escaped,  with  the  object  r>f  breaking  down  the  wall,  renders 
tlie  destniction  more  complete.  In  a  few  causes  the  evacuation 
can  be  l^etter  made  through  u  small  horizontal  incision  in  the 
skin  aliove,  but  this  is  seldom  necessary. 

Chalkv  iNFAitCTH  in  the  Meibomian  glands  are  met  with 
mostly   in   <?lderly  people   who   have    suff'ei'ed   fiom    chronic 
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Fig.  1;j.— DiatichioeU. 

hypenvniirt  of  the  conjunctiva,  and  are  of  a  more  or  leas 
distinctly  gouty  habit.  When  these 'little  yellow  concretions 
project  beyond  tlie  surface  of  the  conjunctiva  they  are  ai)t  to 
set  up  irritation  by  scrapini^;  aj^ainst  tlie  cornej».  and  .should 
then  l)e  removed. 

Trichiasis  and  [)i.stichia:si.s. — Sometimes  occurring  as  a 
congenital  ahnorniidity,  but  more  frequently  as  tlie  result  nf 
blepharitis,  is  a  misdirection  of  the  e^'elasbes,  which  gives  rise 
to  more  or  less  irritation  by  their  rubbint;  on  the  cornea. 
UHien  there  is  a  double  row  of  lasheii,  the  inner  of  which  are 
misdirected  so  as  to  point  backwards,  wlulc  the  outer  are 
normally  directed,  the  condition  is  known  as  Jisitchiasis.     Other 
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cases,  whether  all  or  only  a  few  of  .the  lashe«  are  niisdirectwl. 
are  caaes  of  ti^ickiads. 

Treatment — When  the  trichiasis  is  only  partial,  a  tempowry 
improvement  is  obtained  by  epihiLiou.  In  some  casea,  wheiv  ' 
few  cyehiwhes  only  Iiave  been  Itjt't  altogether,  the  patient  iii.:\ 
procure  for  himself  a  pair  of  foi-eeps,  and  have  the  eyehishei 
removed  whenever  they  cause  imtation.  A  radical  cure  can, 
Iiowever.  only  be  obtained  by  some  operation.  The  simplest, 
where  a  few  cilia  only  are  misdirected,  is  either  that  ctdled 
repoFitio  filinrnni,  or  destruction  by  the  actual  cautery,  or  by 
electrolyais,  of  the  follicles  from  which  they  grow.  In  more 
general  trichiasis  and  in  disticliiasis  some  operation  for  llie 
transplantation  of  the  follicles  (see  chapter  on  operations)  hae 
to  be  iiilftpti'd. 

Entropion. — When  the  lashes  rub  against  the  cornea,  owiug 
to  an  incurving  of  the  lid  margin,  the  condition  receives  the 
name  of  entropion.  Of  this  there  are  two  principal  vaiieties, 
spasinodio  or  vutscular  entropion  and  cicaiyicial  entropion.  The 
most  common  source  of  th<;  first  variety,  wluch  is  mostly  mel 
with  in  the  lower  lid,  is  some  irritation  of  the  eye  which  gives 
rise  to  spasmodic  eoulraction  <jf  t!ie  palpebriil  portion  of  the 
orbicularis.  Under  such  conditions  tlie  inversion  of  the  lid  is 
favoureil  liy  a  lax  cejudition  of  the  skin,  and  a  narrowness  of  llie 
palpebial  apei'ture.  It  is  very  often  met  with  in  old  |>eople 
after  operations,  and  then  constitutes  a  troidjlesome  though 
rarely  serious  comjilicntion  during  the  hcidiug  process.  In 
some  Ciises,  more  particularly  in  children,  the  irritation  of 
foreign  bodies  in  Ihe  conjunctival  sac  or  on  the  cornea  gives 
rise  to  the  same  variety  of  entropion. 

TreutmenL — Wlien  the  condition  is  evidently  only  temporary, 
the  lid  may  be  retained  for  some  time  in  a  proper  ^Misition  by 
means  of  pieces  of  plaster,  or  by  painting  it  over  pretty  thickly, 
after  drying  the  skin  well,  with  Hexile  collodion.  In  many 
caaes  it  is  necessarj*  to  remove  a  piece  of  skin  from  the  lid- 
In  some  children  entropion  is  a  congenital  condition,  and 
tlien  luu?  quite  a  characteristic  appearance.  Tlie  lashes,  tliough 
rubbing  against  the  cornea,  do  so,  not  with  their  points,  as  in 
other  cases,  but  are  so  applied  as  to  l>e  pHrnllel  witli  the  cornea, 
and  consequently  produce  little  or  no  irritation,  so  that  the  atten 
tiuu  of  the  parents  is  generally  only  attracted  to  tlie  condition 
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on  account  of  the  watering  of  the  eye  to  which  it  givas  rise. 
This  variety  of  entropion  is  probahly  due  to  an  abnonual 
development  of  the  urbicuhiris  in  the  vicinity  of  the  lid  ntar^nn. 
nnd  is  cured  by  removal  of  an  elliptical  piece  of  skin. 

Another  common  variety  of  muscular  entropion  is  that  met 
with  in  cases  where  the  lid  has  lost  the  support  of  the  ^1oIk% 
and  this  may  occur  in  l>oth  upper  and  lower  lids,  an»l  be  a 
source  of  irritation  to  the  conjunctiva.  It  is  seen  both  when 
the  eye  is  absent  altogether  and  no  artificial  eye  has  been  worn, 
and  where  there  is  shrinking  of  the  eye,  or  j)?tthm9  htdhit  frf»m 
any  cause. 

Cicatricial  aiti-vpion  follows  loss  of  sultstauce  in  the  con- 
junctiva, and  may  thus  result  from  burns  or  other  destructive 


Fig.  14. — OioAtriciAi  eutmptuii  (from  uaa«  of  emvntiiU  shrinking  uf  uuDJunctivs), 

accidents,  from  trachoma  and  diphtheritic  conjunctivitis.  The 
coiulitioii  is  slowly  Itrought  aliont  by  llic  cicatriaution  in  the 
conjunctiva,  wliich  follows  such  processes.  The  inverted  lashes 
lead  to  abrasion  of  the  corneal  epithelium,  and  a  chrouic  vas- 
cularisjition  and  consequent  intrans]Mirency  of  Umt  membrane, 
and  the  entropion  therefore  calls  for  some  radical  cure. 

Tlie  operations  best  suited  for  such  cases  are  those  of  Hotz, 
Snellen  or  Streatfield,  Dianoux,  and  v.  Milligeu  or  Benson, 
which  are  described  in  the  chapter  on  operations. 

ErTROrrox. — That  condition  in  which  the  lid  is  everted  is 
ttdleti  ectroition.  The  eversion  may  1*  only  Klii^'lit — that  is,  tlie 
edge  of  the  lid  luay  merely  be  diawn  away  from  itn  n<trmal 
I>osition  iigainst  the  eye— or  it  may  l»e  so  greut  as  to  ex])ose 
almost  the  whole  of  the  ^mlpebral  conjunctiva.     Two  varieties 
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of  ectropion  niay  Ije  diKtin^uLshetl,  conjunctival  ectropion  aad 
eicatricinl  ecitmpion,  TIk'  conjuuctiviil  variety  bejjins  aa  an 
iurtaninmtion  nf  the  conjunctiva,  the  swelling  of  which,  as  well 
as  tin-  extension  of  the  inllninniatioii  along  the  tear  canaliculi, 
le»ul  to  11  K(.^piiniLioii  of  ilm  lid  niar^^in  from  the  eye,  nmi  a  cou- 
sequent  interference  with  the  normal  excretion  of  the  tear^ 
The  ectropion  only  occurs  in  cases  where  the  conjunctival  iii- 
tianiniatioii  lian  led  to  a  paralysis  of  the  palpebral  portion  of  the 
orbicularis  muscle  from  infiltration  and  distention.  When  the 
]>osition  of  tFie  lid  has  thus  l>een  altered,  the  tears  How  over  the 
cheek,  causing  eczeniu,  with  thickening  and  excoriation  of  the 
skin,  so  that  a  vicious  circle  is  set  uj*,  which  tends   always 


Fm,  15. — Conjunctival  ectropion. 

fiu'tlier  and  further  to  increase  the  deformity.      Tliis  variety 
ectropion  is  shown  in  Fig.  15. 

Treatment. — In  the  lower  degrees  of  conjunctival  ectropioi 
all  tlmt  is  required  in  order  to  liring  tlm   lid   buck    into  it 
normal  position,  is  to  slit  up  the  canaliculus  with  a  AVelier"! 
knife,  so  as  to  establish  a  better  pfLssage  for  tlie  tears,  and  at  th< 
same  time  to  keep  the  skin  soft  with  some  simple  ointment,  au( 
toucli  the  conjunctival  surface  with  nitrate  of  silver  in  the  wa] 
descrilied  at  page  82.     When  t!ie  t*ctropion  is  con.si<lerabIc,  thii 
process,  whicli  leatls  in  any  case  only  slowly  to  recovery,  is  not 
generally  sntHcient,  but  niusfc  be  supplemented  by  the  introduc- 
tion of  sutures  after  the  manner  first  iutroduced  by  Snelleiu 
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In  the  higher  degrees,  where  the  case  has  been  of  very  long 
staiuliug,  it  Ls  sometimes  necei5sary  to  j>ei'forni  an  operation 
for  tlie  shortening  of  the  lid  aijorlure.  U  is  not  advisnhU*, 
as  sometimes  recommended,  to  excise  any  portion  of  the  con- 
junctiva alone. 

A  form  of  conjnuctival  ectropion  is  occasionally  met  with  in 
obildren,  due  to  the  contraction  of  the  orbicularis  at  n  time 
when  the  swollen  and  inflamed  conjunctiva  has,  by  some  acci- 
dent, or  as  the  result  of  womo  manipulatiou,  bt.*come  evertinl. 
The  contraction  of  the  muscle  keeps  up  the  eversion,  and  at  the 
same  time  leads  by  constriction  to  further  swelling,  so  that  tlie 


Fic.  16.— Civtttricud  ectropion  of  the  upper  lid, 

ectropion  may  be  difficult  to  reihice.  Tliis  condition  is  most 
nuirked  and  unsightly  in  the  upper  lid,  and  should  be  cai'cfully 
guarded  against  by  the  application,  where  there  is  a  tendency  to 
it,  of  a  tight  bandage.  A  sliglit  degree  of  ectropion  occui*s,  too, 
in  cases  of  facial  paralysis,  and  causes  epij>horu.  When  the 
epiphorn  is  marked,  some  operation  for  the  muTOwing  of  the  lid 
aperture  is  called  for. 

Cicatricial  Ecteopion  is  produced  l)y  contraction  following 
loss  of  skin  of  IIk'  lids  themselves,  oi-  of  tiie  skin  of  (lie  face 
in  the  neighlxjurhood.  It  is  met  with  after  lupus,  burns, 
abscesses,  &c.  Another  variety  is  that  wliich  is  caused  by 
the  tacking  down  of  the  skin  over  the  Ixine  of  the  margin  of 
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the  orlnt  or  cheek  where  there  has  beeu  caries  or  necrosis  in 
that  KituiiLiiin.  The  tthsonce  i>f  akin  in  cases  of  eicalricial 
ectropion  usually  renders  it  iiujxissible  to  remedy  tlie  defect  by 
such  siniph^  measures  ixs  an*  iipjilicahle  in  eoujuiiotival  ectroplua 
Some  phistic  operation,  or  better  still,  the  transplantation  of  skin 
from  other  parts  of  the  Ixjdy,  is  therefore  necessary.  The  opera- 
tions perfoniied  for  the  different  fomis  of  ectropion  are  described 
in  the  chapter  on  Operations. 

Kpicanthus. — In  not  a  few  children,  it  more  or  leas  prci- 
nouneed  fold  of  skin  is  found  covering  the  inner  angle  of  the 
lids,  and  continuouH  with  the  fold  nurnially  present  on  the 
upper  lid.  This  condition  is  known  as  epicanthus.  When 
marked,  it  gives  a  peculiar  appejirance  to  the  face,  covering,  as  it 
does,  most  of  the  white  of  the  eyes  to  their  inner  sides.  As  the 
child  grows,  and  the  bridge  of  the  nose  develops,  the  epicanthiw 
either  disappears  altogether  nr  becomes  much  less  unsightly ; 
so  that  it  is  only  in  Jdgh  degrees  of  the  deformity  that  any  inter- 
ference is  called  for.  In  such,  tuu,  tliere  is  at  the  same  time 
more  or  less  drooping  of  the  lids,  which  may  be  associated  with 
a  defect  in  the  jjower  of  moving  the  eyes  upwards. 

An  improvement  may  tlien  l)e  effected  by  removing  an 
elliptical  piece  of  skin  from  the  bridf^e  of  the  nose  in  a  vertical 
direction,  care  l>eing  taken  to  get  union  by  tirst  intention,  b}- pre- 
ventuig  any  dragging  on  the  stitches.  This  method  of  operating 
is  the  old  one  of  v.  Ammtni.  ^Vrltreconimendeil,  and  frequently 
practised,  exci.siun  of  the  fold  itself  u\\  either  side  of  the  nose. 

Ptosis. — A  not  by  any  njcans  infrequent  congenital  defect, 
due  proljably,  in  most  eases,  to  a  faulty  de\'elopment  of  the 
levator  palpebne  stiperioris,  is  the  drooping  of  the  upper  lid,  <»r 
ptosis,  which  may  be  present  on  one  or  both  sides.  Sometimes 
this  is  associated  with  a  defect  in  the  ujtward  movement  ol 
the  eye  as  well.  Coiufcaital  -ptoAia  is  oru";  of  the  hereditary 
deformities.  I  have  met  witli  a  family  where  it  existed  in 
the  father  and  five  out  of  six  children.  Most  cases  of  congenital 
ptosis  appear  to  be  due  to  defective  development  of  the  levator. 
Probably  some  cases,  however,  are  the  I'eault  of  an  abnormality 
in  the  nerve  centre. 

Cases  have  been  descrit»ed,  and  attention  seems  first  to  ha 
been  rhrected  to  theni  by  Gunn.in  which  an  involuntary  raisin 
of  the  drooping  lid  has  Ijeen  associated  willi  voluntai*}*  move 
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meut  of  the  lower  jaw.  This  has  usually  been  ou  the  left  side, 
an»l  has  l>eeii  explained  by  assuuiiut^  tliat  the  levator  is  to  some 
extent  innervated  by  fibres  springing  from  the  motor  root  of 
the  fifth.  It  is  certainly  not  improlmble  that  in  the  absence  of 
a  proper  innervation  from  the  third  nucleus,  this  root  which 
lies  in  such  close  proximity  to  it  might  partially  make  up  for 
the  ilevelopmcntttl  defect. 

The  efl'ect  of  ptosis  on  vision  depends  of  course  gi'eatly  on 
its  d^ree ,  when  the  pupils  ai*e  partially  covered,  the  patient 
is  in  the  habit  of  throwing  his  head  back  in  order  to  see. 
Mlieu  this  is  the  case,  and  still  more  when  the  pupil  is  covered 
completely  in  one  or  both  eyas,  some  operation  has  to  be  ])er- 
fonued  with  the  object  of  raising  the  lid  without  interfering 
with  its  closing. 

A  curious  form  of  ptosis,  apparently  allied  to  the  con- 
geuital  variety,  has  been  lately  described  by  Fuchs,  and 
called  by  hun  isolated  hUitUral  pfosia.  The  name  was  no 
doubt  suggested  by  the  fact  that,  with  the  except iun  of 
the  ptosis,  no  other  demonstrable  affection  of  the  eyes  or 
any  other  part  of  the  IxKly  is  found  in  these  cases.  The  pt<»siH 
develops  so  slowly  that  the  patient  cannot  say  when  it  htis 
liegun.  It  eventually  l>ecomes  so  complete  that  no  action 
of  the  levator  is  possible.  In  some  ojises  a  slight  degree  of 
ptosis  is  apparently  present  at  birth,  and  afterwards  in- 
crei&ses  tn  the  same  gradual  manner.  Fuchs  has  given  good 
reason  for  regarding  these  ciises  as  cases  of  atrophy  of  the 
levat<jrs.  It  is  doul>tful  whether  the  atrophy  is  myopathic  or 
neuropiithic. 

I  Otlier  forms  of  ptosis  met  with  are  such  us  are  due  to  partial. 

[  or,  when  othiir  muscles  of  the  eye  are  also  alVected,  complete 
HBBTalysis  of  the  third  nerve — also  cascj^  which  are  merely  t!ie 
^result  of  chronic  intlammation  of  the  conjunctiva — mostly 
traclioma.  Ilt/sUricul  ptosis,  which  may  be  un  one  or  lx)th 
isideSyis  not  very  uncommon.  A  peculiar  cause  of  slight  drooj>ing 
of  the  upper  lid,  to  which  attention  has  been  directed  by  Horner, 
apl>eara  to  be  from  pareMU  of  Muller's  tnitseU.  It  is  associated 
witli  myosis,  and  sometimes  with  diminished  intraocular  tension, 
and  depends  no  doubt  on  some  lesion  of  the  sympathetic  nerve. 
Diflerent  more  or  le.«  satisfactory  operations  for  ptosis  are 
described  in  the  chapter  on  operations. 
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XiCTlTATio. — Constant  lilinking  is  often  met  with,  and  is 
Known  as  nictitatio.  The  cause  of  this,  which  is  most  fre^jueal 
in  children  and  yuuiig  luhiUs,  is  usually  some  irritation  fnjm 
the  eye  itself — conjunctivitis  or  keratitis.  Often  the  irritntiou 
originates  in  some  other  fibi'es  of  the  fiftli  nene,  not  unconiinonly, 
for  iustauce,  from  decajcil  teeth.  It  may  also  proceed  from  «.)Uxi;r 
parts  of  llie  digestive  tract.  T  have  seen  several  eases  in  childreu. 
due  to  worms.  At  other  times  the  souitre  of  irritation  is  quiu* 
ohscurc,  and  indeed  the  Winking  is  not  seldom  apparenllr 
uierely  a  hubit,  wliich  has  no  doubt  been  originally  set  up  ui 
aoine  such  manner  as  indicated. 

An  idea  t}f  the  source  of  irritation  may  sometimes  be  gotljT 
<h'oppiug  a  sohitiou  of  cocaine  into  the  conjtmetival  sac.  If  after 
two  or  three  ajtjdications  the  blinkinj^  becomes  less  frequent,  or 
ceases,  it  is  very  prubable  that  the  irritation  proceeds  from  the 
*-y*5 ;  if  not,  we  have  to  loiik  elsewhere  for  it — in  chiMren,  the 
teeth,  or  some  other  part  of  the  tUgestive  system.  Often  the 
coutractian  in  the  nrbicuhiris  is  not  so  general  as  to  cause  actual 
blinking,  litit  is  limited  to  certain  of  its  fibres,  mainly  those  of 
the  lower  lid,  causing  a  disagreeable  twitch  or  "  twitter  "  in  this 
region. 

Br.KPHAK08PASM,  or  spasmodic  closure  of  the  eyes,  may  be 
t'onstatit  or  intermittent.  The  constant  crises  are  associated 
with  photophobia,  or  the  dread  of  light,  and  are  discussed  in  the 
chapter  on  db^eases  on  the  conjunctiva.  The  intermittent  cases 
ai'e  very  rare,  and  mainly  caused  by  irritation  of  the  facial 
nerves,  which  causes,  at  the  same  time,  other  contractious  of  the 
facial  muscles.  1  have  also  seen  this  apparently  due  to  tumours 
of  the  parotid  gland.  These  spasms  have  sometimes  been 
cured  by  stretching  the  facial  nerve.  In  some  cases  of  ao- 
called  cpileptiforin  neuralgia,  there  is  painful  intermittent 
hlepliarospaam.  In  one  such  case  1  obtained  considerable  im- 
provement by  tearing  the  supra-orbital  and  nasal  nerves  after 
all  other  measures,  continued  through  many  years,  had  l>een  of 
no  avail.  In  another  simUar  case  I  stretched  and  tore  both 
supra-  and  iiifra-orhital  branches  without  giving  relief. 

rEr*EMA  OF  THE  Lids  occurs  along  w^th  inliatumation  localised 
in  ditiVucuL  parts  about  the  face, and  is  also  fre(|ueutiu  affections 
of  the  he-art  and  kidneys,  where  there  is  any  cause  for  general 
opdema.     In  some  people  there  seems  to  be  a  tendency  to  ccdema 
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ntuutiou.  independently  of  any  general  cause.  This  is 
inies  calletl  frigid  ix(kma,  and  gives  rise  to  a  very  heavy 
il.ppeai'ance  nf  the  hds,  which  ean  he  much  improved  by 
removing  an  elliptical  piece  of  the  skin  of  the  lid.  Oceo- 
ftionally  a  persistent  oedema  of  the  lids  is  left  after  attacks  of 
erysipelas  of  tlie  face,  TliLs  may,  without  danger,  he  treated 
^1  the  same  way,  if  the  patient  desires  it,  for  the  sake  of  the 
appearance. 

Lftng  persisting  oedema  appears  to  be  associated  with  chronic 
•conditions  of  inflammation  in  the  mucous  membrane  of  the  nose, 
to  which  attention  should  always  l»c  directed  wlien  the  c^inse  Ls 
^oubtful. 

^■^SCE.SS  OF  THE  LlD  is  most  frequently  traumatic,  often  tlie 
RKih  of  the  breaking  down  of  a  blood-clot,  which  has  been 
formed  at  the  time  of  tlie  contu.siitn.  The  abscess  should  be 
opened  and  treated  antiseptically  as  soon  as  fluctuation  vmx\  be 
felt.  Boils,  too,  are  occasionally  met  with,  principully  in  the 
[Upper  lid. 

serious  form  of  infectious  abscess  of  the  lid  occurs,  fortu- 

fcely  only  rarely,  in  children  ;  it  begins  as  a  pustule,  and  leads 
rapidly  to  great  erysipelatous  swelhug  and  redness,  followed  by 
gangrenous  destruction  of  more  or  less  of  the  skin  of  the  lid. 
The  cases  T  have  seen  have  been  exactly  like  noma  elsewhere, 
und  probably  it  is  the  same  disease.  A  similar  condition  is  said 
sometimes  to  occur  amongst  butchers  and  wool-sorters,  and  often 
proves  fatid. 

Dekmoid  Cysts  are  not  uncommon  in  the  hds,  and  are  moat 
frequently  situated  to  the  temporal  side  of  the  upper  lid.  over 
the  orbital  ridge  Tlicy  can  be  i-emoved  cither  l»y  Iming  care- 
fully dissected  out,  or.  through  a  small  oi)ening,  by  puticture, 
followed  by  squeezing  out  of  the  contents  and  removal  of  the  sac 
with  a  pair  of  toothed  forceps.     The  incision  must  l)e  made  in 

K«»ifher  case  parallel  with  the  margin  of  tlu*  orbit. 
N.-KVi  OK  THE  Lios  should  be  treated  by  electrolysis,  if  of  -dwy 
,  or  if  gi'owing;  other  nietliuds  of  treatment  are  liable  to 
BnaujiQ  too  much  destruction  of  tlie  tissues. 
JiouENT  Ulcers  and  Kimtueliomata.  are  not  infrequently 
nd  ail'ccting  the  lidi^,  and  have  to  be  removed.  The  loss  of 
substance  thus  sustained  may  be  made  good  by  some  suitable 
plastic  or  transplantation  operation,  but  in  the  case  of  the  lower 
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lid  this  ia  often  uuneeessiiry,  as  the  defonnity,  after  healing 
has  takeu  place,  is  often  much  less  than  might  have  been 
expected. 

Chakcres  and  Vaccine  Pocks  are  occasionally  found  on  ilw 
lids,  being  produced  in  both  caaea  by  direct  infection  of  specific 
matter.  The  first,  from  the  considerable  time  which  it  takes 
to  drvL'liip,  is  i^omeLime.s  liitikult  to  diagnose;  the  vaccine  pock, 
on  the  otiicr  huml,  is  usually  eharaeteristic,  and  the  source  of 
infection  readily  discovered.  Chancre  in  this  situation  is  pnv 
Iwdily  in  most  cases  conmiunicuted  by  kissing.  T  have  seen  it 
in  btitli  adults  and  children.  One  of  the  cases  which  have  come 
under  my  observation  was  a  woman  of  eighty-four,  who  had 
chaise  of  an  extremely  syphilitic  infant.  Vaccinia  is  mort* 
common  in  women  than  in  men.  Of  five  well-marked  c^iset 
which  I  have  seen,  four  occurred  in  women.  There  is  always 
either  fi  distinct  history  of  inoculation,  or  of  the  p<^S8ibility  uf 
inoculation.  A  child  has  l^een  vaccinated  ten  or  fourteen  days 
before  the  patient  ia  seen.  Usually  the  i>ock  •xcurs  on  t 
lower  lid,  but  there  are  also  U\  be  found  one  or  more  ulcerated: 
patches  on  the  margin  of  the  upper  lid  where  it  comes  into 
contact  with  the  macerated  surface  of  the  primary  v»c»cb 
ulcer.  The  swelling  is  always  great,  and  involves  not  only  the 
lids  but  also  the  cheek.  The  base  of  the  ulcer  is  decidedly 
harder  than  the  summiuling  swelliug;  but  not  so  distinctly 
indurated  as  in  the  case  of  chancre  of  the  lid,  and  the  glands 
are  not  swolluu.  There  is,  coiiipttratively  speaking,  very  little 
pain  :  practically  no  spontaneous  pain,  and  but  little  tenderness 
to  touch.  The  eye  itself  does  not  seem  ever  to  be  affecte 
Vaccinia  of  the  Ud  never  leads  to  any  altcratimi  iu  its  positiou 
and  even  the  cicatrix  left  is  slight — barely  perceptible,  owing, 
no  doubt,  to  the  laxity  (»f  the  skin  in  this  situation. 

The  syphilitic  sore  is  always  a  more  distinctly  clean-cut, 
eaten-out  ulcer,  wliich  has  taken  a  considerable  time  to  develop 
from  its  first  appearance  us  a  pimple  at  the  lid  nmrgin.     The 
o]iposite  lid  margin  is  not  us  a  ruki  ulcerated.     The  base  of  th 
ulcer  is  gi*eatly  indurates!  ;  and  the  prc-auricular  gland — oftei 
also,  the  submaxillary  glands — are  swollen.    There  is  no  history 
which  can   in  any  way  connect  the  case  with  vaccination,  and 
usually   one    which    renders   a   syphilitic    contagion    jx 
Secondary  sjTuptoms  appear  in  due  course. 
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Sarcoma  of  the  Lid  is  met  with  as  a  great  rarity  in  children 
\i\  young  adults.  Other  uncommon  affections  in  this  situation 
are  fatty  tuvuiurs,  dephnntiaaia,  nruroina^  and  colohoina.  The 
last  may  occur  along  with  colobonia  of  the  iris.  It  should  be 
treated  as  soon  as  possible,  by  paring  the  edges  of  the  slit  and 
uniting  them  by  sutures,  so  as  to  secure  a  proper  covering  for 
the  cornea, 

BLEPHAHOPFimosis  —  AxcnvuiBLKFiiAROX.  —  Chronic  affec- 
tions of  the  hds.  especially  such  as  keep  up  an  excoriation  of 
the  skin  at  the  outer  cantlius.  may  lead  to  a  narrowing  of  the 
lid  aperture,  or  blepharopliiinosis.     The  treat merU  for  this  is  to 


Flo.  17. — SymblepUaron. 


enlarge  (he  jjiiliK.'bral  tissures  in  the  manner  described  xnider 
the  name  of  ravthojilnsty,  in  the  cluipler  on  operations.  When 
either  tlie  complete  ciliary  ma!>;in.  <^r  a  jwrliou  of  its  centre  is 
united  witli  that  of  the  other  lid,  iho  condition  is  known  as 
aTvchylohlcphnnm,  This  is  sometimes  congenital,  but  more 
commonly  tlie  result  of  burns  or  other  accidents,  causing  a  loss 
of  substance ;  snmetijues  also  of  long-continued  intlammatious. 
The  iraUment  is  iisimlly  simple  enough,  if  it  is  not  aasociate<l» 
as  is  often  the  cose,  with  symblepharon. 
5 
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Symblephakox, — When  some  injury  or  destruction  of  the  two 
opposing  conjunctival  surfaces  of  the  lid  and  eye  has  taien 
place,  there  is  a  tendency  for  the  lids  to  grow  together,  and 
thus  ^YQ  rise  to  the  condition  known  as  syniblepharon.  llus 
is  most  likely  to  occur  in  all  cases  where  that  portion  of  the 
conjunctiva,  which  forms  the  fold  between  the  ocular  and  palpe- 
bral coverings,  is  involved  in  the  ulcerative  or  destructive 
processes;  indeed,  it  is  then  almost  impossible,  except  bj 
performing  some  operation  to  eifect  a  covering  of  the  raw 
surface,  to  avoid  their  growing  together,  as,  however  frequently 


Fig  18. — Symblepharon. 

the  two  surfaces  be  separated,  healing  will  slowly  take  place 
from  tlie  angle  between  them. 

When  the  fold  is  not  involved,  the  frequent  separation  of 
the  opposing  surfaces,  by  making  passive  movements  of  the  lid, 
and  at  the  same  time  dropping  a  few  drops  of  oil  into  the 
conjunctival  sac,  will  generally  permit  of  their  cicatrising 
independently,  and  thus  obviate  the  symblepharon- 

The  severity  of  the  alteration  caused  by  symblepharon  is 
very  different,  according  to  the  position  and  extent  of  the 
adhesion  between  the  conjunctival  surfaces.  In  very  bad  cases 
the  eye  may  be  rendered  almost  completely  immoveable  by  a 
glueing  of  both  lids  to  it.  Often,  at  the  same  time,  the  cornea  is 
rendered  opaque  by  the  accident  causing   the  symblepharon. 
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Sometimes  the  adhesion  takes  place  between  the  lid  aiid  the 
cornea,  and  causes  a  still  greater  interference  with  vision  than 
would  have  resulted  from  injury  to  the  cornea  alone  Jmil  this 
not  occurred.  Adhesion  at  the  inner  and  outer  sides,  bj 
intorferin^  with  the  lateral  movements  of  the  eye,  may  give  rise 
to  diplopia. 

T]ie  operations  which  can  be  performed  for  these  different 
cases  are  described  in  another  Chapter. 


Diseases  of  the  Lachrymal  Apparatus. 

Apfections  of  the  Lachkymal  Glakd. — Inflammation  of 
the  lachrymal  gland  is  a  rather  rare  aflfection,  which  ocrurs 
both  in  an  tuiutc  and  chronic  form.  The  acute  intiauimation  is 
accompanied  by  very  considerable  swelling  of  the  lid  and 
conjunctiva,  esj>ecially  their  external  portions.  The  swollen 
lid  is  tender  to  pressure,  aiitl  through  tlie  skin,  which  is  move- 
able over  it,  can  be  felt  the  Imrd  margin  of  the  enlarged  gland. 
Not  only  does  the  increased  size  of  the  gland  cause  considerable 
drooping  and  more  or  lesH  cunijUete  immobility  of  the  upper  lid, 
but  it  may  aUo  give  rise  to  some  prtitrusion  and  depression 
of  the  eye  itself.  If  it  is  [Kissible  to  evert  the  lid,  the  lower 
portion  of  the  swollen  gland  may  be  seen  pressing  forward  the 
fold  of  conjunctiva  forming  the  transition  between  the  pfirtion^ 
covering  the  eye  and  the  litL  When  an  aVjscess  forms,  it  may 
burst  either  through  the  skin  or  through  the  conjunctiva ;  in 
either  case  a  (i.stuloua  opening  is  likely  to  result  A  spreading 
of  the  purulent  inflamtnalion  to  the  cellular  tissue  of  the  orbit 
has  only  been  observed  in  a  few  cases. 

The  trentmfnt  should  first  l>e  directed  towards  preventing 
suppuration  by  means  of  ice-compresses,  coimter-irritation  with 
iodine,  &e. ;  hut  as  soon  a^  there  is  fluctuation  an  opening 
should  1m?  madi.-,  preferably,  if  possible,  through  the  conjunctiva 
as  a  fistula  in  that  situatiou  is  not  so  awkward  as  one  opening 
through  the  nkin. 

Inflammation  of  the  lachrymal  gland  sometimes  becomes 
chronic,  or  may  be  chronic  from  the  tirst.  Some  of  these  cases 
are  bilateral,  and  appear  to  be  mostly  sj'philitic  in  their  nature. 
The  acute  inflammation  is  mt>st  frequent  in  children,  and  the 
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cause  is  ustmlly  some  trauuuL  In  chronic  cases  which  itoist 
any  other  treatmejit,  the  piLlpcliral  portion  of  the  gland  way  be 
excised. 

SiMi'LE  Hypkrtrophy  or  Adenoma  of  the  Lachetmai 
Glanh  is  also  met  willi.  and  sometimes  the  gland,  thcmgli 
apiJarently  not  very   mnch  enhirgeil,  sinks    down    into  the] 


Fig.  19. — Tranavorse  section  of  faoe  frttm  iihove  dowunitrds  wad 
alightly  iMLkwarda  fnmi  frontft]  sintu  to  fimt  molar  Utoth.  It  opened 
nasal  cft\ity  (^),  locliryuial  huc  {B),  niual  duct  (('},  huU  iuitrum  uf  Hi^h- 
moru  (//). 

Hrintles  were  jHwaed  through  punctA  and  canaliculi  into  bbchrynuU  ok.'. 

Middle-  tiirbiimted  proc*fl)*  {E).  Inferior  turlun&ted  prooeu  (F). — 
From  A  jircpanwtion  by  Dr.  Symingtan. 

upi)or   lid,  causing   ptosis.      In   either  case  excisiou  \&  n< 
sary,  care  being  taken   not   to   int4?rfere  with    the   tendon 
the  levator  ]Milpel>ra;'.      Fibroma  of  the  lachrymal  gland  al 
occurs. 

Fistula  ok  tue  Lachr^'mal  Gland  ai-ises  from  the  l)urstii 
of  an  abscess  of  the  j^land,  and  lias  also  been  recorded  as 
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lital  condition  by  SteLiiheuu.  rrenerally  the  fistula  is 
^tn-iiiely  narrow  cnjiillnry  channel,  so  that  the  tears  which 
finil  their  way  through  it  may  he  little  luore  than  Hue  beads, 
which  evaporate  without  dewing  over  the  skin  of  the  lid. 
There  i»  then  a  tendency  for  it  to  close  from  time  to  time,  and 
reopen  after  this  \\v^a  led  to  some  little  initation  from  surroimd- 
ing  in  filtration. 

Treatment. — Ca«e^  which  cause  little  or  no  trouble  may  Iw 
left  alone  AAThen  the  skin  is  much  iiritated  by  tlie  tears,  an 
attempt  should  be  made  to  cure  the  fistula  by  means  of  a  wire 
heated  by  the  ^dvauic  current,  or  by  Bowman's  operation,  for 
diverting  the  oi>ening  from  the  outer  to  the  conjunctival  sur- 
face Often  any  attempt  to  cure  the  tistula  is  unsuccessful,  and 
luts  Uien  to  i>e  tiiken  to  partial  excision  of  the  gland. 

MaUc.Nant  TltMOUH.s. — Both  siirconui  and  ciircincmia  occa- 
«ioDAlly  affect  the  bichryn^al  gland.  The  diagnosis  is  usually 
ly,  as  tlien?  is  at  first  no  difference  between  them  and  tlie 
forms  i»f  hypertrophy.  On  this  account  it  is  better  to 
make  a  pructice  of  excising  the  gland  iu  all  coses  where  it  is 
enlarged  on  one  side  alone,  and  the  cause  is  not  an  acute 
inflammation.  The  removal  of  the  gliuid  does  not  interfere 
the  neceasary  supply  of  moisture  to  the  eye,  *is.  although 

tear  supply  is  thus  removed,  other  secretions  from  the  lids 
for  the  purpose. 

Dacrtops,  or  a  clear  cyst  due  to  distention  of  one  of  the 
rhnraial  ducts  with  te^irs,  is  a  rare  affection  of  tlie  lower 

fai*^  of  the  upper  lid.  In  one  such  C4ise  which  came  under 
my  tivatinent,  the  cyst  entirely  ilisjippeared  after  one  puncture, 
hut  it  is  generally  recommended  to  keep  the  opening  nuide. 
patent  for  some  time,  as  tliere  is  a  tendency  to  reaccimiulatioTi. 

DlSKAS^  OF  THE  Teaie  PassaciEs. — Atfectious  of  the  |Kuts 
cnnoected  with  the  excretion  of  the  tears — (see  Figs.  19  and  20) 
— are  of  fre*|Uetit  r»c^^urrence  at  all  ages,  and  are  consequently 
of  considei-aiily  more  pnvUical  importance  than  those  which 
invijlve  the  wnretory  mechanism. 

The  pruper  removal  of  the  tears  down  into  the  nose  may  l>e 
impedt**!  by  abnormaliticii  in  the  slru<'ture  aud  position  of  the 
canaliculi.  by  acute  or  chronic  conditions  of  inHammation  of 
the  lachrymal  sac,  or  by  strictures  in  some  parts  of  the  laclir^"- 
mal  caiiaL 
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Fio.  20. — Oblique  wctiwn  madt  from  above  downwwd*,  bft<clcwi 
anril  nlightly  outwarda  iii  the  direetiou  of  the  tear  duct.  The  aectioB 
opened  the  lachrymal  sac  near  itjj  imter  wall,  and  the  lochr^inal  duet 
slightly  towards  its  inner  wall.  Ttic  ({Ttiit  tint  ion  nf  the  du<-t  lie^  in  the 
name  sai^ittal  plane  an  the  outer  aurfacM:  of  the  ala  naai,  and  about  one 
inch  iMfhind  itu  junctiun  with  the  cheek.  It  openii  into  the  outer  wall  of 
the  inferior  mii&tu?. 

P,  fruDtol  BiiiUH  ;  M,  inferior  meatus  ;  .S,  tear  sac  ;  D,  tear  dut-t ;  J3, 
anterior  wall  nf  superior  maxilla,  forming  anterior  wall  of  duct ;  A^ 
antrum. — From  a  preparation  by  Dr.  Symington. 
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Abnonnalities  in  connection  with  the  canaliculi,  more 
especially  of  the  luwer  ones,  on  which,  under  normal  circum- 
stauces,  most  of  the  work  devolves,  are  sometimes  congenital, 
Imt  more  frequently  acquired.  Thus,  cases  are  met  with  in 
which  the  puncta  lachrymalia  and  caiialiculi  are  absent  ot 
obliterated.  Sometimes  there  are  found  supernumary  puncta 
in  coDnection  with  other,  usually  incomplete,  canaliculL  A 
narrowing  of  the  canaliculi  leading  to  qnphota,  or  watering  of 
the  eye,  is  a  frequent  result  of  C4>nju3icti\'iti£w  In  the  normal 
state  the  puncta  are  not  seen  without  slightly  everting  the 
lids — they  are  applied  to  the  eye  The  tears  find  their  way 
by  cjipillarity  between  the  lids  and  the  eye  to  the  puncta,  being 
prevented  from  overflowing  when  not  too  copious  by  the  oily 
margin  of  the  lower  lid.  A  slight  eversion  of  the  puncta,  how- 
ever, withuut  any  manifest  ectropion,  is  sufficient  to  cause 
epiphora. 

Where  the  condition  of  eversion  is  permanent,  and  not  due 
to  some  temporary  swelling  of  the  conjunctiva,  all  that  is 
necessary,  €is  a  rule,  to  cure  the  watery  condition  of  the  eye  is 
to  convert  the  canaliculus  into  an  o[>eu  rill.  This  method  of 
treatment,  hrst  introduced  by  Bowmau.  is  described,  as  it  is  now 
perfonned,  with  the  narrow  probe-pointed  knife  of  Weber,  in 
Chapter  XVII I.  Tlie  tears  pass  more  readily  into  the  ojien 
channel,  and  from  thence  into  the  tear  sac  and  duct,  so  that 
after  the  slight  irritation  caused  by  the  cut  the  overflow  ceases. 
The  same  treatment  is  also  generally  the  most  applicable  where 
the  canaliculus  is  narrowed,  but  an  attempt  may  sometimes 
be  made  to  dilute  it,  by  passing  small  probes  along  it  Elec- 
trolysis has  been  used  for  this  purpose  by  Jessop  and 
Steaven.sou. 

Wounds  of  the  lid,  if  they  involve  the  canaliculus,  are  very 
apt  to  le4xd  to  troublesome  epiphora  after  cicatrisation.  AVhen 
the  patient  is  seen  soon  after  the  accident,  care  should  be  taken, 
if  the  edges  of  the  wound  have  to  be  brought  togetlier,  to  avoid 
obliteration  of  the  channel.  The  simplest  way  of  doing  this  is 
to  sht  up  the  two  portions  of  the  divided  canaliculus,  and  pre- 
vent them  reclosing  by  occasionally  ninuing  a  probe  along  the 
rill  thus  formed,  until  the  lid  wound  has  hetded.  The  attempt 
is  sometimes  made  to  maintain  the  canaliculus  entire  by  lea\ing 
a  piece  of  silver  wire  in,  but  this  is  very  apt  to  be  unsuccessful, 
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nnc]  the  result  is  m  any  citst!  no  more  satisfactory,  and  mucli 
Diore  tnmlilesome  to  attain,  than  that  which  follows  the  simple 
slitting.  In  cases  where  obliteration  has  taken  place  jusi  ai 
tlie  lowtir  piinctnm — a  rare  c.oiiilitioii,  aiul  gutierally  the  restill 
of  some  localised  intiannuatinii  or  slight  wound — the  upper 
canaliculus  will  have  to  be  slit,  but  if  the  punctum  there  be  alisu 
obliterated,  an  opening  may  be  got  by  cutting  into  the  sac. 
parsing  a  narrow  probe  along  the  cunahculus,  and  then  cntting 
down  upon  it. 

Sometimes  foreign  hoilies  get  into  the  canaliculi.  and  more 
or  less  coitipletely  block  up  Liu;  passage  for  the  tears.  Occiision- 
ally  one  sees  a  portion  of  an  eyelash  sticking  in,  and  this  may, 
in  rare  instances,  form  the  nucleus  for  an  incrustation.  Con- 
cretions that  form  iu  tliis  situation  have  Ixicn  shown  to  be 
mainly  fungoid,  being  made  up  of  masses  of  leptothrix. 

Poi.yri,  or  rather  Papili.omata,  occvir  as  a  rare  disease  of  tlie 
canaliculus.  If  they  show  much  tentleuoy  to  grow  and  cause 
epiphora,  tliey  should  be  removed.  The  aflection  is  rather 
troublesoinc,  and  it  is  not  easy  to  completely  eradicate  the 
growths  without  causing  lunre  mutilation  than  is  comptitible 
with  the  function  of  ihc^  parts. 

iNFLAMJtATiON  OF  THE  TEAR  Sac. — The  nuicou.-*  membrane  of 
the  teai'  sac  is  liable  to  become  intiumed,  ami  this  gives  rise  to 
either  an  increase  in  the  normal  secretions  or  to  tl»e  secretion 
of  abnormal  products. 

Intlammation  of  the  sac  is  known  as  (latt'yoejfstiiis,  and  may 
be  of  ditierent  degi'ees  of  acutenesa.  As  the  mucous  niembraoe 
of  the  sac  swelLs,  its  lower  orifice  or  passage  into  tlie  tear  fhict 
becomes  nan*owed  or  closed,  partly  by  the  aiiproximatiou  of  the 
swollun  folds  of  the  mend)rane  which  are  met  with  iu  this 
situation,  and  partly,  no  doubt,  by  t!ie  increased  mucoid  secretion 
from  the  sw*ollen  surface.  The  result,  in  any  case,  is  that  the 
tears  do  not  get  properly  ilown  into  the  nose,  and  by  tlieir 
retention  set  up  further  irritation,  while  at  the  same  time  they 
flow  over  on  to  the  cheek.  The  secretion,  if  the  inflammation 
be  merely  catarrlial,  may  l>e  mainly  or  wholly  mucoid,  ami 
gradually,  as  it  collects,  it  leads  to  distention  of  the  sac  This 
causes  a  swelling  at  the  inner  angle  of  the  eye,  which  gives  a 
more  or  less  elastic  impression  to  the  finger.  Often  by  pressing 
firmly  on  this  swelling  the  mucus  can  be  pressed  down  into  tlie 
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nose.  Such  a  condition  has  received  different  names,  but  it  is 
most  commonly  termed  a  mucocele.  The  mticus  may  be  perfectly 
clear  and  trans]>arent,  or  more  or  less  tnrbid  from  the  admixture 
of  pus  cell& 

The  most  common  form  of  inflammation  of  tl^e  sac  is  a 
chronic  blenorrfacBa.  in  which,  along  with  epiphora,  there  is  no 
marked  distention  of  the  cavity,  but  in  which,  on  pressure  over 
the  sac,  some  thin  purulent  matter  escapes  as  a  rule  by  the 
cnualiculi.  In  a  certain  proportion  of  such  cjLses.  and  relatively 
much  more  frei[ueutly  in  children  than  adults,  the  purulent 
iutlammiitiou  l)ecomes  acute,  aud  may  lead  not  only  to  accu- 
mulation of  pus  in  the  cavity,  but  to  inflammation  of  the 
superjacent  tist^ues. 

AccTE  Pt'RCLEXT  1)acby(X'Ystitis  generally  causes  cpd«tta  of 
the  eyelids,  whicli,  if  considerable  in  amount,  may  altogether 
mask  the  loc-ai  tiwelling,  so  that  any  one  anaooaatomed  to  see 
such  cases  might  well  imagine  that  the  lids  or  the  peri- 
osteum round  the  border  of  the  orbit  was  the  site  of  the 
inflammation. 

Tlie  diagnosis  can  readily  be  made  by  determining,  on 
pressure  with  the  finger,  tlic  point  of  greatest  tendemen.  In 
dacrj'ocystitis  no  pain  is  felt  until  pressure  is  made  over  the 
sac,  where  even  the  slightest  pressure  is  often  exceedin^y 
painful 

In  some  cases  of  acute  inflammation  of  tlie  sac,  healing  takes 
place  without  any  bursting  uf  the  abscesij;  but  in  many  the  akin 
over  the  sac  becomes  more  and  more  thinned,  and  eventually 
gives  way.     This  usually  takes  place  at  a  somewhat  I"  -"^ 

than  the  sac  itself  after  the  tissues  above  have  lieen  i:  i 

at    tlie   most  ilependent   part,  therefore,  of  the  superficial 

abscess  thus  formed-  The  result  of  this  is  that  there  is  a 
passage  of  scime  length  formed  l>etween  the  external  and  in- 
ternal openings,  which  has  a  tendency  to  liecome  fistulous. 
Sometimes  a  more  or  less  •  necrosis  of  the  skin  takes 

place,  so  that  an  ulcer  is  <  -  'd  in  this  situation,  which 

may  lead  to  cicatricial  ectropion  of  the  lower  lid. 

Dacr>'ocystitis  is  moeit  frequeutly  set  up  by  an  inflammation 
originating  in  the  mucous  membrane  itself,  and  is  pr«)bably  as  a 
rule  the  result  of  extension  of  a  similar  condition  from  the 
mucous  membrane  of  the  noee,  only  increased  in  severity  by 
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the  irritation  which  the  retention  of  the  secretion  jjroducek 
Soiuetimea  it  appears  to  be  primarily  associated  with  disease  tA 
the  boue  or  periosteum,  which  is  then  of  n  strumous  or  syphilitic 
nature.  Tlie  ordinary  inflanimatiou  beginning  in  the  sac  rareJy, 
if  ever,  spreads  to  the  bone;  so  that  iu  cases  where  the  bone  is 
fouuil  to  l>e  diseased,  and  not  merely  bare,  as  may  result  from 
rough  treatment,  such  disease  must  be  looked  upon  as  the 
primary  alfection. 

A  correct  idea  of  the  etiolog}'  of  iiiflanunation  of  lh« 
laclirjTnal  sac  is  of  iiup(jrtarice  in  suggesting  a  suitable  plan 
of  treatment.  There  can  be  little  doubt  that  by  far  the  largest 
maj*jrity  of  cases  l)egiu  as  a  cold  in  the  head,  an  affection  from 
wliich  ft'w  escape  altogether,  but  to  which  some  are  much 
more  liable  than  otliers.  If  the  swelling  of  the  mucous  mem- 
brane of  the  hiclirynuil  duct  i>ersiHts  for  long,  thore  is  a 
tendency,  when  any  individual  predisposition  exists,  to  tho 
stagnation  and  decomposition  of  the  secretions  iu  the  sac,  which 
becomes  more  and  more  pronounced  the  more  its  anterior  wall 
becomes  distended.  This  sets  up  an  irrittition,  and  leads,  a*  a 
rule,  to  blenorrhopa  of  the  sac,  which  ma}'  be  more  or  less  pro- 
nounced, and  which  is  liable  at  any  time  to  pass  into  the  acute 
form  <if  dacryocystitis.  WIhmi  this  takes  place  there  has 
generally  been  a  fresh  coryxa  shortly  before ;  or,  if  tliis  is  not  the 
case,  some  increased  swelling  in  the  mucous  membrane  of  the 
duct,  or  some  increased  virulence  of  the  decoiniHising  secretion 
lodged  in  the  sac,  must  be  looked  upon  a.s  the  cause  of  the 
8)'niptoms  becoming  more  severe.  It  is  remarkable  how  seldom 
any  complication  in  the  sac  is  met  with  in  cases  of  purulent 
conjunctivitis.  I  have  occasionally  seen  dacryocystitis  after 
ophthalmia  neonatorum,  but  only  in  cases  where  there  have 
been  more  or  less  marked,  pndiably  syphilitic,  changes  about 
the  mouth  and  nose,  to  wlucli  the  condition  might  more  readily 
be  ascribed.  It  is  conspicuously  absent  after  gonorrhoea! 
conjunctivitis.  These  facts  render  it  certain  that  a  8preadiu]B 
of  a  conjunctival  affection  to  the  mucous  membrane  of  the  tear 
Boc  is  at  all  events  only  a  very  exceptional  cause  of  blenorrhoMi 
of  the  sac.  Hansen  (irut  goes  as  far  as  to  say  that  "affections 
of  the  conjunctiva,  met  with  along  with  blLiuorrhcca  of  the  sac, 
are  either  accidental  complications  or  are  caused  by  it" 

The  secretion  whicli  passes  into  the  conjunctival  sac  from 
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the  abuorinolly  intiamed  tear  sac  ia  not  infectious,  and  never 
leads  either  to  purulent  inHammation  of  the  conjunctiva  or  to 
conjunctivitis  if  transferred  to  the  other  eye,  though  it  is 
more  or  less  irritating,  and  thus  gives  rise  to  blephaxitia  It 
possesses,  therefore,  none  of  the  virulence  of  the  pus  which  is 
found  in  a  case  of  gonorrhoea!  conjunctivitis.  Nevertheless,  it  is 
well  known  to  be  a  source  of  great  danger  when  any  operation 
is  performed  on  tho  eye,  and  tlie  cause  in  many  cases  of  the 
septic  hypoj)yon  ulcer  which  follows  slight  abrasions  of  the 
comen. 

By  many,  strictures  of  the  duct  are  looked  upon  as  the 
immediate  exciting  cause  of  dacryocystitis ;  yet  it  is  remark- 
ahl«  in  what  a  large  proportion  of  cases  probes  can  be  passed 
with  the  greatest  ease  when  once  the  sac  has  been  opened 
inta  Many  cases  of  stricture,  where  the  stricture  is  far  dowii 
et  the  entrance  of  the  duct  into  tlie  nose,  do  not  give  rise  to 
intlammation  of  the  stic,  and  as  for  the  strictures  which  are  met 
with  in  the  other  situations  where  they  are  common,  viz.,  at  the 
lower  orifice  of  the  sac.  these,  as  Hansen  Orut  has  pointed  out, 
are  almost  invariably  the  consecinence  of  tlie  destructive 
inflanimution  of  an  acute  dacryocystitis,  and  not  its  cause. 

The  trcnivunl  of  blenorrhoca  of  the  tear  sue  should  aim  at 
preventing  the  occurrence  of  acute  phlegmonous  inHnmmation ; 
and  stopping  as  far  as  ]>ossible  the  interference  with  the  dis- 
charjfe  of  the  tears.  The  first,  however,  is  the  most  important; 
but  as  many  cases  are  first  seen  when  the  stage  of  acute  intiam- 
miition  Ikis  already  l>egiin,  it  is  also  necessiiry  to  consider  the 
proper  course  of  treatment  to  be  adopted  under  such  ciitium- 
stances. 

As  soon  as  the  existence  of  a  chronic  blenon-Iitpa  has  been 
diagnosed,  active  treatment  should  be  iK^gun  without  delay. 
This  siioulil  consist  in  making  an  opening  into  the  sac  from 
above,  through  one  or  both  of  the  canaliculi,  probing  the  duct 
fnan  tirue  to  time,  so  as  to  maintain  its  patency.  i*iid  by  iistrin- 
gent  and  antiseptic  injections  modifj'ing,  as  far  as  possible,  the 
character  of  the  secretion  from  the  mucous  surfaces. 

Tl»e  choice  of  which  canaliculus  to  open  is  perliaps  hardly  a 
very  important  matter,  still  there  are  good  reasons  for  preferring 
the  upper.  In  the  first  place,  the  lower  is  then  left  in  its 
physiological  state,  and  as  it  has  most  to  do  with  the  removal 
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of  the  tears,  this  uiay  be  Hoiiie,  thougli  jiossihly  only  a  very 
slight,  ndvantage.  A  more  practical  consideration  is  the  circuTn- 
stance  that  the  upper  canaliculus  is  in  a  more  direct  line  with 
the  duct,  30  that  probes  can  i)e  passed  without  stretchinjf  the 
tissues  at  the  opening  into  the  sac  to  the  same  extent  as  is 
often  dime  when  the  lower  canaliculus  is  oiKjued,  and  which 
may  le^id  to  cicatricial  contractions  in  thus  situation,  ami 
consequently  to  a  coinplicatinn  whicli  ih  a]»t  to  prove  trouble- 
som  e. 

The  canaliculus  should  In?  freely  opened  into  the  sac  to 
the  manner  de^scribed  in  the  ciiapter  on  operations,  and  the 
knife  then  passed  into  the  sac  ir&elf,  with  the  cutting  ed^ 
dii-ected  forward,  and  tlien  nuide,  l)y  a  slight  sawing  move- 
ment and  slight  rotation  on  its  axis  to  either  side,  to  freely 
divide  any  wjUKtrictiiig  bauds  which  are  present  in  this  situ*- 
liiju.  After  this  has  l>eeii  done,  a  medium-sized  prolxi  should 
be  passed  down  the  duct  into  the  nose.  One  of  the  most 
convenient  kind  of  probes  are  those  introduced  by  Argyll 
Kol>ertson,  whicli  are  made  of  snfL  silver,  and  can  thus  easily  Wi 
l>ent  to  any  stiape  required.  As  Las  been  alreatly  said,  the, 
probe  can  usually  be  passed  without  the  slightest  ditticulty. 
may  l>e  left  iti  fnr  live  or  ten  minutes,  nml  when  withdrawn,  th< 
patient  is  directed,  while  shutting  bis  mouth  and  holding  hi 
nose,  to  blow  so  as  to  pu£['  out  the  cheeks.  This  sends  a  sti 
of  air  tip  the  duct  which  carries  with  it  some  of  the  secretioi 
and  shows  that  it  is  free.  In  the  normal  state,  owing  to  tb 
valvular  nature  of  the  opeiiinj^  at  the  lower  end  of  the  duct,  am 
the  narrowness  of  the  canulituli,  it  is  rarely  jK>ssible  to  blow  ai 
through  in  thi.s  way,  and  soon  idler  [trobing,  Uk),  the  attempt 
usually  unsuccessful.  TIil*  siune  probe  may  subsequently 
passed  again  at  intervals  of  two  or  three  tlays,  iiiul  then  follow* 
by  an  injection  of  carbolic  acid  (1-40)  through  the  duct 

There  is  no  necessity  for  passing  hirger  probes,  aB  is  oflen^ 
done,  in  the  belief  that  the  most  inijjortaut  part  in  the  treatment 
consists  in  maximally  dilating  the  duct.  I  have  tried  sucb 
probes,  especially  those  introduced  by  Coui>er,  and  am  convin{ 
that  they  eilJicr  do  no  good,  or  are  positively  hurtful.  The 
tions  are  best  made  with  a  hollow  pr(.»lx\  which  is  first 
into  the  nose,  and  then  slowly  withdrawn  as  the  fluid  is  foi 
through.     In  tins  way  every  part  is  thoroughly  cleansed. 
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this  treatment  a  great  improvement  usually  takes  place  in  the 
course  of  two  or  three  weeks,  but  the  length  of  time  during 
whit'h  the  tn-atruent  luis  to  Ix*.  continued  depends  a  goo*l  deal 
on  the  chronicity  of  the  case.  The  reason  of  this  seems  to  be 
tiie  tendency  to  greater  and  greater  distention  of  the  sae,  ami 
consequently  a  greater  likelihorM^l  of  stagnation  taking  place  in 
it  tlie  lunger  the  case  has  continued. 

In  the  case  of  acute  dacryocystitis,  if  seen  before  the  skin 
over  the  sac  has  become  very  much  thinned,  a  free  opening 
fihould  l>c  made  into  it  by  slitting  both  caualiculi  and  pressing 
out  the  pus.  The  inilamnmliou  will  then,  as  a  rule,  subside, 
au<l  after  a  few  days  admit  of  proliing  and  syringing.  In  such 
eases  it  is  not  advisal>le  to  pivibe  at  once,  not  only  because  the 
8t4it«  of  acute  inflammation  makes  it  very  much  more  painful, 
but  also  l>eeausc  the  swollen  and  softened  condition  of  the 
mucous  membrane  i-enders  the  probing  difficult  without  pro- 
ducing lacerations,  the  contractions  following  which  are  liable 
lo  give  rise  to  further  mischief.  Wiere  the  overlying  tissues 
have  already  become  purulently  infiltrated  when  the  case  first 
comes  under  observation,  the  sac  must  be  opened  into  by  a 
vertical  incision.  The  opening  should  be  free,  and  not  be 
allowed  to  close  for  some  days,  until  the  discharge  has  nmch 
diiuiuifthed  and  the  swelling  gou*j  Uuwu,  Tlie  wo»md  may  be 
dressed  with  cotton  wool  dip{ied  in  coiTosive  sublimate  and 
covered  with  gutta-percha  tissue.  Afterwards  the  upper  canali- 
culus should  be  slit,  and  the  duct  prolted  and  syringed  in  the 
^bianner  alreaily  descril^ed  Oc<*4isionally  there  may  be  left  after 
this  treatment  a  fistulous  opening  into  the  sac.  If  this  should 
reuiain  permanent,  it  can  l>e  obliterated  by  iMii^iug  a  red  liot 
wire  along  it  A  fistula  b  much  more  likely  to  remain  when 
sponlaueous  bursting  of  tlie  al)scess  is  aUowed  to  take  ])lace. 

The  treatment  in  cases  which  have  gone  on  to  acute  dacryo- 
cystitia  is  often  much  more  ditticult  and  unsatisfactory,  on 
account  of  the  gi*eat  distention  of  the  siu^  which  has  t^iken 
place,  and  also  not  iufretjuently  owing  to  the  nan-nwiug  of  the 
orifice  between  the  sac  and  the  duct,  which  necessitates  more 
fi-ef]uent  probing.  When  a  stricture  exists  in  this  situation, 
the  patient  may,  after  it  has  been  dilated,  be  Uught  to  pass 
the  prol»e  himself,  or,  as  has  Injen  suggested  and  practised  by 
Benson,  he  may  introduce  pewter  styles  every  night,  reuiov- 
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ing  tliem  agiiin  in  the  morning.  By  prolonged  treatment  of  ibis 
nature  more  or  less  improvement  is  generally  eventually  obtained, 
but  there  are  always  some  cases  in  which  this  is  not  the  ewe. 
In  sudi  it  is  necessary  to  have  recourse  to  destruction  of  tlu 
sac  altogether.  This  may  either  be  done  by  freel}'  cauteriabg 
its  mucous  surface  with  the  thermocautery,  or  by  extiqmting  il 
altogether  The  latter  is,  on  tlie  whole,  the  most  satisfactory 
proceeding.  Curiously  enough,  althougli  the  rtjsult  of  destroyiug 
the  tear  sac  is  to  interfere  completely  with  the  excretion  of 
the  tears,  it  is  rare  tliat  any  unctuufortiilile  degree  of  epiphora 
afterwards  remains;  a  fact  which  points  very  strongly  t-o  the 
main  cause  of  the  troublesome  epiphora,  in  most  cases  of 
blennrrlifra  of  the  sac,  being  due  to  other  conditions  than  tlie 
iuterfei-ence  with  the  normal  patency  of  the  duct;  and  which 
explains  why  so  many  cases  improve  tis  soon  as  the  nature  of 
the  stcrotions  has  l>eeii  luodiheil  by  antiseptic  applicatious. 

Strictuke  of  thk  LACFiitVitAL  DccT. — The  diagnosis  of  stric- 
ture of  the  duct  cannot  be  made  except  by  probing.  It  may  or 
may  not  exist  along  with  blenorrhcea  of  ihe  sac.  The  stricture, 
except  in  canes  wliere  there  is  disease  of  the  bouy  cunal,  occnra 
mainly  in  two  places — at  the  opening  of  the  sac-  into  the  duct. 
and  at  tlic  na-stil  tcrniiiiatiou  of  the  duct.  Crises  of  true  stricture, 
and  not  mere  swelling  of  the  mucous  membrane  alone,  are  usually 
very  troublesome.  An  attempt  may  always  be  made  to  dilate 
the  stricture  by  the  introduction  nf  the  probes  at  intervals  of  a 
few  day8>  or  by  causing  the  patient  to  wear  styles,  but  the 
results  are  often  unsatisfactory ;  fortunately,  however,  auch 
oases  are  comparatively  rare. 

As  has  been  already  said,  the  affections  of  the  lachrymal  sac 
and  duet  are  of  very  great  practical  importance,  not  only  on 
account  of  their  frequency,  but  also  because  cif  the  dangers  to 
which  the  eye  is  tliereby  exposed.  A  very  Ijirge  proportion  of 
cases  of  one-sided  blindness  are  cases  of  dense  leucoiuata,  follow- 
ing hypopyon  ulcer  of  the  cornea;  anil  that,  again,  is  in  a  large 
percentage  of  cases  the  result  of  infection  from  a  bleuorrhoea  of 
the  sac  A  very  considerable  proportion,  too,  of  the  cases  which 
"  go  WTong"  after  operations  hnvt"-.  the  same  infectious  cause. 

As  to  the  freiiueucy  of  lachrymal  disease,  I  find  4604 
cases  recorded  out  255,7£J0  patients  treated  during  four  or  live 
years  in  some  of  the  principal  English  hospitals,  —  that  is,  a 
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percentage  of  1-88.  Comparing  the  numbers  for  different  years, 
I  find  that  they  vary  from  less  than  1"3  per  cent,  to  more  than 
2*5  per  cent,  a  degree  of  variation  which,  as  the  numbers  taken 
axe  large,  can  hardly  be  considered  as  wholly  accidental,  but 
points  to  the  existence  of  climatic  influences,  and  suggests  the 
causal  connection  between  coryza  and  lachrymal  affections 
referred  to  above. 
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Hyper.'EMIA  of  the  CnxjXTNcrrvA. — The  vessels  of  the  conjunc- 
tiva become  ahnornmlly  injected  as  the  first  stage  in  inllnmma- 
tion  of  that  membrane.  Hypeixeinia  of  the  conjunctiva  maT, 
however,  exist  without  passiiiti:  into  inflammation.  Thw*  i* 
then  no  niarkefl  increase  in  the  mucoid  secretions,  althougb 
always  more  or  less  lachrymation.  The  vessels  of  the  j)al|K»bwl 
conjunctiva  are  more  injected  than  those  of  tlie  ocular  conjunc- 
tiva, whitOi  in  many  cases  dr>  uut  show  any  abnormality  in  thi» 
respect.  The  conjunctival  fold,  which  is  usually  pule,  is  injected 
The  eyes  feel  hot  and  heavy,  and  are  easily  tired  by  any  attempU 
at  reading,  or  hy  any  exjiusurc  to  strong  light.  Great  diticjeiices 
are  met  with  in  the  severity  of  these  symptoms.  Some  iadi\*i- 
duals  are  liable  to  reciurent  attacks  of  acute  hypenemia,  which 
suggests  the  presence  of  some  vasomotor  disturbance.  In 
others,  a  chronic  cuiidiLian  of  hypencuiia  remains  for  a  long 
time,  rendering  tliem  unfit  for  any  prolonged  use  of  the  eye& 
Hypericmia  of  the  conjunctiva  is  set  up  by  local  irritation,  and 
by  various  states  of  general  health,  more  especially  disorders 
of  the  liver. 

The  treatment  should  consist  in  attention  to  the  gvjieral 
health — avoidance  of  close,  smoky  atmospliere,  and  the  occa- 
sional sponging  of  the  eyes  with  very  hot  water.  At  the  first 
examination  the  lids  should  be  everted,  so  that  anything  which 
might  possibly  bu  lying  iu  Llie  conjunctival  sac  may  be 
removed ;  and  for  the  same  reason  it  is  well  to  use  three  or  four 
times  a  day  a  solution  of  boracic  acid  (I  in  50)  to  bathe  tht 
eyen  with.  Astringent  lotions  should,  an  a  rule,  be  avoided 
Sometimes  it  is  necessary  to  protect  the  eyes  from  light  by 
means  of  darkened  glasses;  but  this  should  not  be  encouraged 
for  any  length  <if  1  ime,  as  it  is  extremely  liable  to  increase  the 
sensibility. 
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CoNJUNcrnnTJS. — All  the  different  forms  of  inflammation, 
ratarrhal,  purulent,  and  membranous,  which  occur  in  other 
mucous  membranes  are  met  with  in  tlie  conjunt'tiva. 

Two  other  forms,  rarely  occurring  elsewhere,  are  also  common, 
viz.,  granular  and  phlyctenidar  conjunctivitis. 

Simple  or  Catarrhal  Coxjlinttivitis  is  a  common  affec- 
tioa.  characterised  by  h^'penemia  and  swelling  of  the  conjunctiva, 
witli  iucrciLst*  of  the  secretions.  This  gives  rise  to  pain  and  heat 
in  the  eyes,  as  well  as  to  a  feeling  as  if  there  were  constantly 
some  foreign  body,  dust  or  sand,  in  tliem.  The  lids  feel  heavy 
to  raise,  and  in  the  morning,  or  after  having  l»een  closed  for 
some  time,  are  more  or  less  glued  t*>getber  by  the  secretions 
which  have  dried  on  the  eyelashes.  The  hypentmia,  when 
int^?nse,  may  give  ri.se  to  a  serous  thickening,  which  is  most 
marked  at  the  conjunctival  fold;  and,  at  the  same  time, in  many 
cases  little  papillary  elevations  are  met  with  in  the  same  situa- 
tion. Tn  very  severe  cases  the  eedenia  extends  tfi  the  ocular 
conjunctiva,  a  condition  to  which  tlie  name  ciunwds  is  given. 
It  may  even  extend,  in  a  slight  degree,  to  the  lid  as  well.  Not 
infrequently  small  ecchymoses  also  (x-cur  in  the  conjunctiva. 

Cat-arrhal  conjunctivitis  is  almost  always  bilateral,  one  eye 
being  often  alfected  a  few  days  after  tlie  other.  It  occurs  most 
frequently  at  certjiin  times  of  the  year,  more  especially  spring 
and  autumn.  It  is  myt  with  cither  in  an  acute  or  in  a  chronic 
form.  The  chronic  is  frequently  preceded  by  an  acute  attack. 
In  the  chronic  condition  tlie  injection  is  mostly  or  entirely 
confined  to  the  conjunctiva  of  the  lids,  which  at  the  same  time 
presents  a  more  or  less  velvety  appearance,  owing  to  the  presence 
of  numerous  injected  pajalliform  olcvatiiins.  An  eczcmat<ius 
thickening  and  excoriation  of  the  skin  of  the  lower  lid,  parti- 
cularly at  the  outer  angle  of  the  eye,  is  often  met  with  at  the 
e  time,  ami  in  long  continued  chsos  there  may  be  as  well  a 
lain  ilegree  of  eversiou  of  tlie  lower  punctum  lachrymale.  The 
interference  with  the  absorption  or  outflow  of  the  tears,  to  which 
this  conditioii  gives  ri84».  tends  to  keep  up  the  inflammation. 
The  irriUitiiui  of  tlie  margin  of  the  lids,  al.«u,  often  leads  to  a 
complication  with  blepharitis. 

Acute  catarrhal  conjunctivitis  is  rarely  complicated  by  any 
corneal  inflammation,  and  does  not  cau.se  any  jH^manent  defect 
of  vision.     Besides  the  constant  blinking  and  photophobia,  from 
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wliicli  patients  with  this  affection  suffer,  they  often  couiplam 
of  temporary  obscuration  of  vision,  or  of  seeing  haloes  or  rav» 
rounii  lighU,  or  soinetiuie-s  of  polyopia.  .Vll  these  appearances 
are  due  to  little  pieces  of  secretion  in  front'of  tJie  comw, 
which  proihiee  alterations  in  llie  refraction  of  tlie  rays  of  li^ht 
entering  the  eye.  Tliey  disiippear  on  rubbing  the  eye,  but  in 
niany  cases  quickly  reappear. 

The  secretion  from  a  catarrhal  conjunctivitis  is  certainly 
conta^ous,  if  tlie  afieetion  he  acute,  when  it  is  muco-puruleiit 
in  character.  In  the  nion;  rhronic  forms  there  are  probably 
considerable  individual  differences  in  this  respect;  but,  «n 
the  whole,  the  discharge  in  such  cases  is  not  by  any  meuis 
markedly  contagious. 

('onjunetivitis  may  be  due  to  tlie  spreading  of  a  catarrhal 
iuHamuiation  from  the  mucous  membrane  of  the  nose  and 
throat,  or  may  more  frctiuently  be  set  up  independently  by  any 
mechanical,  thcrnial,  or  cIicuucqI  irritation,  caused  by  the  pre- 
sence of  dustj  smoke,  cool,  vitiated  atmosphere,  or  any  foreign 
substance  remaining  for  some  time  in  the  eonjunctival  sac. 
^Vhen  chronic,  anil  on  the  one  side  only,  there  is  almost  certainly 
some  connection  with  inHammation  of  the  hichrymal  sac  An 
acute  attack  of  cat^irrlml  coninucti\'itis  does  not  usually  Itwt 
for  more  than  ten  days  or  a  fortnight. 

In  the  irtahntni  of  conjunctivitis  attention  should  first  be 
directed  to  the  cause.  The  lids  should  be  everted  to  discover 
if  any  foreign  iHjdiea  are  lodged  in  tlie  L-oajumaival  sac,  and  the 
condition  of  the  tear  sac  and  canal  examined  into.  Anv  unusual 
irritation  by  dust,  smnke,  or  sjind.  or  by  strong  light,  shonhl  lit? 
as  far  as  possible  avoided.  The  local  trefltnient  should  consist 
in  the  frequent  bathing  of  the  eyes  with  some  weak  non-irri- 
tating antiseptic  lotion,  such  as  Ixiracic  acid  (1-50)  or  corrosive 
sublimate  (1-5000  or  1-10,000).  Care  should  be  taken  that  all 
the  secretion  which  has  dried  on  the  eyelashes  is  removed 
Wlien  there  is  much  discharge.nitrateof  silver  in  solution  (5-10 
grains  to  5i.)  should  be  applied  to  the  everted  lids  once  daily  or 
every  second  day.  In  applying  this  caustic  solution  the  object 
aimed  at  is  to  form  a  protecting  e.schar  of  the  albuminate  of  silver 
on  the  surface  of  the  conjunctiva,  and  thcrefom  care  shoiUd 
be  taken  that  the  conjunctival  surface  is  dry  before  the  solutiou 
comes  in  contact  with  it.  otherwise  it  is  at  once  precipitated  by 
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as  the  chloride  of  silver.       In  order  to  avoid  imtatinj^; 

e  cornea,  the  excess  should  Ix*  neutralised  with  water.      The 

ibgit  plan  13,  therefore,  to  tlry  the  everted  conjunctiva  witli  a 

^bn  rag,  then   to  apply  the  caustic   solution  \vith  a  small 

•oBners-hair  hrush,  and.  after  waiting  ten  or  twelve  setronils. 

to  dip  the  brush  in  water  and  brush  freely  over  the  surface 

ch  has  Ijeen  painted 

No  other  astringeuts  should  be  used  durinjr  the  acute  stage, 
they  only  tend  to  keep  up  the  inflanituation  and  make 
nic  Poulticing  or  fomenting,  which  is  frequently  resorte<i 
must  alst)  be  avoided.  A  little  simple  ointment  may  be 
d  along  the  edges  of  the  lids  ut  night  to  prevent  thera 
glued  together,  and  the  discharge  conse<;|uently  retained. 
"Wlieu  the  conjunctivitis  has  become  chronic,  tlie  treatment 
should  depend  greatly  upon  the  appearance  presented.  If  the 
conjunctiva  is  much  swollen  and  hypenemic,  and  tliere  is  at 
the  same  tune  a  considerable  amount  of  discharge,  the  nitrate 
of  silver  should  be  used  as  in  the  acute  form,  along  with  anti- 
septic applications.  In  many  cases,  too,  lead  lotion  (2  grains 
to  Si.  of  the  neutral  acetate)  does  good.  Other  case-n,  in  which 
there  is  not  so  much  swelling  and  disdmrge,  are  Itenefited  by 
some  astringent  application, — solution  of  alum,  tannic  acid, 
sulphate  of  zinc  and  cop[)er,  &c.  Of  these,  alum  in  the  strength 
of  from  '1  to  8  grains  to  ji.  is  perhaps  the  most  useful  Tannic 
acid  may  l)e  used  as  a  wash  in  the  strength  of  2  grains  U>  ,^i., 
aud  with  the  addition  of  5i.  of  glycenue  to  each  5i.  of  water.  In 
cases  where  a  good  deal  of  swelling  of  the  conjunctiva  exists, 
princi{»ally  of  the  fold,  without  much  hyperainia,  iin<l  with  more 
or  less  glutinous  secretion,  nitric  acid(l  in  1000) may  be  tried  in 
addition  to  the  astringents  mentioned.  Sometimes  it  is  neccs«ary, 
iu  order  to  get  rid  of  a  chronic  conjunctiviti.s,  to  wear  darkened 
gj^eses,  but  this  treatment  should  not  be  resorted  to  tf^Mi  muf.h, 
^Pit  often  has  not  only  little  influence  (m  the  inHanmiation,  but 
13  apt  to  give  rise  to  more  or  less  h>T:>er-sensiliveness  of  the 
retina.  Finally,  in  all  chronic  cases  attention  must  l>e  |.»aid  to 
the  general  health,  aud  any  existing  digestive  disorders,  or  any 
gouty  or  rheumatic  tendency,  counteracted  as  far  as  possible. 

Spring  Catarrh. — A  peculiar  variety  of  recurrent  chronic 
conjunctivitis  has  received  the  name  of  spring  catarrh.  This  i^  a 
rather  rare  affection,  met  with  in  young  iiulividiuiLi,and  chaimc- 
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Wtnm'X  liy  nn  injrrtion  and  swelling,  limited  to  thti  peric^onieal 
portion  of  tijt:  ocular  conjunctiva.     The  elevations  wliich  are  met 
with  in  tins  situation,  and  which  either  extend  all  round  the 
cornea,  or  are  limited  to  some  portions  of  its  margin,  are  soliil 
pinkish  or  greyish   udlky-looking  masses,  which  show  uo  tend- 
ency to  ulcerate.      In  this  respect,  as  well  as  on  account  of 
their  solidity,  they  are  readily  distinguished  from  phlyctenolw 
whicli    they    at    first    sipht    sometimes    resemble.       There  is, 
besides,  associated  with  this  affection,  a  more  or  less  character- 
istic milkiKh-white  coloration  of  iln^  conjunctiva  as  a  whole.    In 
some  cases  t!ie  condition  is  accompanied  by  some  increase  in  the 
secretions,  but  rarely  to  any  great  extent.     Slight  infiltration  o( 
the  cornea]  margin  may  occur — never,  however, cxten<iing  far  in: 
and,  beyond  a  sometimes  high  degree  of  photophobia,  the  aflet- 
tion  does  not  give  rise  to  any  symptoms  of  consequence.    Kot 
unfrequently  flattened  nnisses  of  cartilaginous-looking  granula- 
tion tissue  make  their  appeiirance  oii  the  surface  of  the  tarsal 
portion  of  the  conjunctiva  of  the  upper  lid.      These  may  attain 
an  enormous  size,  and  such  cases  are  liable  to  be  mistaken  for 
traclumui.     Theinrtaniniiition  has,  even  more  than  other  forms  of 
conjunctivitis,  a  tendency  to  recur  every  spring,  and  to  continue, 
when   once  sot  up,  for  several   months.      In   many   cases   the 
improvement  which  takes  place  at  the  beginning  of  tlie  winur 
appears  not  to  go  on  to  complete  recovery,  so  that  the  conditioa 
in  spring  may  be  looked  upon  more  as  an  exacerbation  than  as 
a  true  recurrence.     Spring  catarrh  is  in  reality  a  Iiyperplaaia  of 
the  epithelium  alone;  there  is  no  deep  infiltnition. 

Trt'tthiitHl. — Astrini^ent  lotions  should  be  avoided  If  there 
is  mutrh  p!i(jU)plKjbia,  (lark  glasses  may  be  used.  Excision  of 
the  granulations  when  they  are  massive,  or,  still  better,  burn- 
ing them  down  carefully  with  the  thermo-cautery.  is  the  best 
treatment.     No  cicatrix  need  be  left  if  this  is  properly  done. 

Purulent  Conjitnctiviti.s.  —  Although  an  acute  attack  of 
simple  conjunctivitis  is  often  accompanied  by  considerable 
purulent  discharge,  it  is  nevertheless  iiuportant,  from  a  clinical 
point  of  view,  to  make  a  distinction  between  this  and  tlie 
more  characteristically  purulent  fonns  of  inflammation,  \iz., 
ponorrfujsal  conjwmtxcitls  anil  the  conjunctivitis  of  new-bom 
infants,  or  what  is  genei-ally  known  by  the  name  of  ophtlialmia 
nconcUoruvu 
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Gonorrhceal  ConJujwtivUiSt  or  gonorrhceal  ophthalmia,  is  one 
of  the  moat  Berious  inftiiininatinns  met  with  in  the  eya     It  is 
set  up  usually  by  the  direct  transference  of  pus  from  a  gonor- 
rhtea  into  the  conjunctival  saa      Such  pus  is  now  known  to 
uire  its  virulence  from  the  presence  of  characteristic  micro- 
nisms,  to  which  the  name  of  fjmuKOcci  is  given.     The  first 
symptoms  begin  several  honrs,  or  it  may  be  a  day  or  two,  after 
inoculation.     The  appearance  during  the  first  day  may  be  such 
as  to  suggest  merely  an  arute  atUick  of  simple  coujuuctivitis. 
More  frequently  the  rapidity  with  which  the  symptoms  set  in, 
and  especiaUy  the  early  appearance  of  more  or  less  cliemosis, 
excites  siu^picion,  and  leads  to  the  detection  of  the  source  of  in- 
tlammation.    The  pus  finds  its  way  to  the  eye  from  a  urethral 
or  vaginal  gonorrhor^a,  or  from  a  simihir  inflaiumation  iu  some 
other  eye,  so  that  the  inoculatiou  may  either  Ije  from  the  indi- 
vidual himself,  as  is  most  commonly  the  case,  particularly  iu 
young  men,  or  from  some  one  else  whose  towel  has  Vieer^  soiled 
by  the  discharge,  and  used  subsequently  by  the  jmtient.     The 
great  im|K>rtance  of  warning  patients  sntl'cring  fi'orn  gonorrhipa, 
(and,  in  the  case  of  wotnen,  from  any  other  discharge  as  well),  of 
_     the  danger  to  their  own  eyes,  antl  those  of  others  living  in  the 
fclBfcnie  riKim,  of  using  towels,  sponges,  &c.,  in  common,  and  of 
'^the   consequent  necessity   of   absolute   cleanliness,  cannot  lie 
exaggerated. 

Considerable  diflTerences  exist  iu  the  length  of  time  before 
the  inflammation  reaches  its  full  height  and  leads  to  a  copious 
purulent  discharge.  AVhat  is  usually  distinguisiied  as  the  first 
stage,  in  which  only  a  watery  and  slightly  nmcoid  discharge, 
often  considerable  in  amount,  takes  place,  may  last  a  couple  of 
days  or  moi*e,  or  may  rapidly  pass  nu  to  chemosis,  due  to  a 
fibrino-plastic  exudation  beneath  the  conjunctiva,  and  to 
swelling  and  redness  of  the  lid  Tlie  second  stage,  winch  is 
charact*'^rised  by  the  purulent  discharge  in  addition  to  the 
chemosis  and  swelling  uf  the  lid,  may  then  be  reached  on  the 
second  day  after  the  first  symptoms  have  made  their  appearance. 
or  may  be  delayed,  and  this  is  more  common,  till  the  third  or 
fourth  day,  or  even  later. 

The  dUi'erence  in  the  rapidity  of  development  has  been 
shown  to  stand  iji  close  connection  with  the  amount  of  active 
inoculating  matter   which   enters   the    eye.      Small    amount. 


86  DISEASES  OF  THE  CONJUNCTIVA. 

ililutiou.  and  ileRsication  nil  retard  the  onset  as  well  as  the 
rapidity  with  which  the  abnormal  changes  succeed  each  other 
Yet  the  resulting  inllamnjation  may  V»e.  and  most  frecjuentlj- 
is,  just  as  violent  aj*  that  which  results  from  inoculation  withii 
uiurc  copious,  and,  at  tliL*  time,  a  more  virulent  secretion.  This 
fact  wouhl  of  itself  point  to  the  connection  of  micro-organisuw 
with  the  afJ'ection.  even  if  tins  were  not  definitely  established 
It  is  also  of  practical  iniporlunce.,  in  so  far  iis  it  indic4il«s  the 
possibility  of  checking  the  disease  iu  some  cases  by  timely  anti- 
septic measures. 

Besides  the  appearances  descrilied  as  characterising  the  first 
stage  of  gonovrha^al  ophtliahuia,  more  or  less  pronounced  sub- 
jective symptoms — |)aiii,  burning  and  neuralgic  iu  cluiructer, 
photophobia,  and  lachrymation — are  constant,  and  increase  u 
the  tenseness  of  the  swtdling  of  the  conjunctiva  and  lid  be- 
comes greater  and  greater.  Tlie  swelling  of  the  upper  lit! 
generally  reaches  sucli  a  degiee  as  to  cause  it  to  hang  down 
over  the  lower  lid,  and  to  assume  a  red  glossy  appearance  on  ita 
surface.  It  is  then  perfectly  imjtossible  for  the  patient  to  open 
hia  eye,  or  even  for  it  to  be  raised  to  any  extent  with  the 
finger.  The  full  height  of  the  inHommation  is  generally 
sustainctl  for  from  rtne  to  three  days,  after  which  the  skin  of  the 
lids  regains  some  of  its  natural  wrinkling,  and  the  circulation 
in  the  conjunctiva  becomes  freer.  The  discharge  continues  as 
copious  as  before,  but  less  floceulent,  and  the  conjunctiva 
becomes  redder  and  softer. 

The  hardness,  caused  liy  the  serous  and  often  fibrino-plftstic 
sub-conjunctival  effusion  duiing  the  course  of  the  inflammatiou, 
is  n  source  of  danger  to  the  cornea,  whose  nutrition,  tbirived  a£ 
it  is  from  the  surrounding  vessels,  becomes  thereby  more  or  less 
interfered  with.  It  is  not  uuconimon  to  find,  tlierefore,  a 
steaminess  or  loss  of  transparency  of  the  cornea,  whicli  at  the 
time  of  examination  may  or  may  not  be  associated  with  ulcera- 
tion. This  ulceration  is  often  neiir  the  margin  of  the  coniea, 
and  is  then  hidden  by  overlapping  portitms  of  chemosed  con- 
junctiva :  it  has  a  tendency  to  extend,  not  only  in  depth,  but  also 
circumferentially.  AVheu  extension  takes  place  in  the  latter 
direction,  the  result  is  ajit  to  be  a  necro.sis  of  the  whole  central 
portion  of  the  cornea,  and  a  consequent  hopeless  destruction  of 
vision.     A  complieatioii  with   corneal  ulceration  may  also  Ihj 
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met  with  at  a  laler  stage  of  tlie  disease,  during  the  peiiod  of 
ogression.  The  ulcers  then  formed  have  not  unlikely  quite 
erent  etiology  and  are  more  amenable  to  treatment,  and 
uently  less  likely  to  lead  to  total  destruction  of  the 
They  are  uijually,  thoug^i  such  an  origin  cannot  always 
traced,  due  to  the  inoculation  of  the  corneal  tissue  with  the 
'  pus    from    the    conjunctiva.      As    long   as    the    GOOJunctiTal 

€harge  contiuueij  there  is  the  possibility  of  a  complicatioa  d 
nature,  although  the  danger  diminishes  every  day.     On 
account  it  is  important  to  avoid  any  rough  handling  daring 
«  treatment  of  the  lids,  as  any  abrasion  of  the  comee  very 
ch  increases  the  risk  of  inoculation.     Most  likely  ccvneal 
ictiomt  met  with  at  any  stage  of  the  eonjuuctival  inflamma- 
tion   are.  properly  speaking,  infective.      \Vhile,   however,  the 
later  ones  are  only  liable  to  make  their  appeuroDce  where  the 
^Bmea  is  abraded,  the  more  serious  early  oloerotione  may  be 
^Bounted  for  by  suppo8ing  that  there  is  tirst  an  interlereaoe  with 
Hp  vitality  of  the  superficial  layers,  luid  suhfi«i|uently  inocolattou. 
In   acute  caaea,    complete    recovery    oC    the    ooojuactival 
intlamumtion,  and  a  return  to  the  normal  oonditioD  withoai  any 
lo69  of  substance,  takes  place  in  from  three  to  six  wedca.     Some 
cases  gradually  lapse  '\\\\a\  a  chronic  state:     In  tlMae  cases  the 
conjunctiva  often  remains  enormously  swollen  for  monlfasv  the 
tarsal  portion  assuming  a  thick  and  more  or  leas  onilom  velvety 
appearance,    while    the    retrotarsal   folds   preaent  laige  AhI^ 
elevations  and  furrows,  which  protrude  inlo  pnNUBCDOea  wlien 
the  lids  are  everted.     Not  onfrequently  this  leada  to  «$fvpitm^ 
The  lower  lid  is  more  •  '  ^rted,on  aiceoantof  tbeaDaUer 

size  of  the  tarsus,  and  ti  "oing  of  tlie  skin  produced  hf 

excoriation  of  the  overtiowing  tears  and  secretion.  Oocaaionally. 
however,  the  upper  lid  is  everted  as  well,  the  ererted  portmi 
being  often  hardened  and  eocmsted  if  not  properly  atlendwl  la. 
While  in  all  conditions  the  oonea  is  liable  to  olcentioa 
from  inoculation,  the  tnore  serioos,  and«  propcriiy  speakifty, 
necrotic  form  is  leas  Habie  to  laake  its  sppcaram^  or  at  aU 
events  to  show  the  same  teodeocy  to  ctrciUDferential  extemkm 
in  cases  where  a  previoos  afaoomial  Yascolantj  baa  irthui 
This  ciicumstance  is  taken  advantage  of  an  tlie  tnalmeBt  hf 
inocoUtion  of  cases  of  dense  soperfieial  vaacvbr  keratitis  or 
pannos. 
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In  the  treatment  of  gonorrlicpal  fiphthaltiiia  the  (irst  con- 
sideration, wheu  only  one  eye  is  afiected — and  tliis  fortunately  ii 
the  rule — must  be  to  protect  the  second  from  inoculation.  This 
may  always  bo  done  hy  tying  it  up  in  the  following  wav: — The 
lids  are  gently  closed,  and  kept  so  by  t\Yo  or  three  strips  of 
court  plaster.  The  hollow  between  the  nose  and  eye  is  then 
tilled  up  with  cotton  wool,  preferably  absorbent,  or  absctrljeot 
containing  some  antiseptic ;  over  this  a  piece  of  gutta-iH'U'ha 
tissue  is  placed,  and  the  whole  bound  down  along  the  ed^ 
witli  strij»s  nf  closely  fitting  india-rublMiT  plaster.  Special  caw 
must  he  taken  that  this  adheres  well  along  the  nose,  and  ihe 
paLicut  should  us  much  as  possible,  when  in  bed,  lie  on  the  side 
of  the  atlected  eye,  t^  prevent  the  discharge  trickling  over  t*i 
the  other  side  and  possilily  loosening  the  plaster.  If  properly 
applied,  there  is,  however,  not  much  fear  of  this.  Before  tyiiig 
up  tlic  sinind  eye  it  is  well  to  thoroughly  wash  it  out  with  a» 
antiseptic  solution,  and  for  this  purpose  a  solution  of  uorniaive 
sultliuiate  (1  in  4000)  is  very  serviceable,  and  uovr-a-dayi 
usually  at  hand  in  most  places.  lu  this  way  the  effect  of 
inocuhitiot),  which  may  have  taken  place  shortly  before  the 
patient  seeks  advice,  may  in  scjuie  instauces  undoubtedly  be 
neutralised. 

It  is  certainly  very  trying  for  the  patient  to  have  the  good 
eye  occluded  from  vision  at  the  time  when  the  other,  owing 
to  the  great  swelling  of  the  lid.  is  tenn>orarily  usidess. 
He  is  tliereby  rendered  very  helpless  and  uuable  to  go  alK)ul 
alone,  so  that  his  spirits,  generally  depressed  as  it  is.  are  not 
raised  by  his  being  put  entirely  in  the  dark.  On  this  account  it 
is  well,  where  this  is  possible,  to  protect  the  sound  eye  in  a 
manner  which  does  not  altogether  interfere  with  its  use.  Thi5 
can  l»e  done  tolerably  efficiently  by  means  of  a  plnslcr  whirh 
generally  goes  by  the  name  of  Bidlc/s  ithxeld-  (see  Fig.  21),  mid 
which  consists  of  a  watch-glass,  kept  in  position  in  front  of  the 
eye  by  being  held  between  two  pieces  of  in<ha-nihber  plaster,  in 
which  a  round  aperture  is  cut,  and  llie  upiMMiuost  one  of  which 
extends  to  either  side  and  above  l»eyond  the  lower,  so  that  the 
whole*  shield  can  be  plastered  down  on  to  the  nose,  forehead, 
ami  cheek,  and  oidy  left  free  below  to  allow  of  the  circulation  of 
air,  and  thus  prevent  the  glass  becoming  obscure.  This  plau 
has  the  advantage  of  allowing  one  to  oljserve  the  sound  eye  jdl 
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mg.   and   therefore   tlie   shield   can    be  left  on  continually, 
lereAs  the  ordinary  occlusion  bandage  has  frequently  to  Ik* 
:ciipplie^i. 

Having  secured  the  sound  eye,  and  taken  precautions  to  pre- 

it  contagion  in  otliers,  attention  must  Ik;  now  directed  to  the 

lamed  one-     The  treatment  to  he  adopted  will  depend  on  the 

of  the  iDilatnmation  and  the  state  of  the  cornea.     In  the 


Fio.  21.— Bull«r'«  shieUL 

first  3lugi%  when  the  dischiirge  is  only  serous  and  the  cheniosis 
slight,  pretty  fretpicnt  washings  witlj  corrosive  suMiuiate  solu- 
tion (1  in  5000)  and  ice-coniprcssses  frequently  changed  may  be 
used,  and  the  patient's  room,  too.  shouM  l>e  well  ventilated  and 
slightly  darkene<l  MTien  the  inHammation  ccimes  to  its  acme 
the  ice  may  l>e  discontinue*!,  and  nothing  used  but  a  little 
vaseline  smeared  along  tlic  edges  of  the  lids  and  the  antiseptic 
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wasli  aa  bef(»ro.  Soinii  recoinintiiul  local  bleeding.  This  is  of 
Ltoubtful  use,  but  may  be  tried  in  strong  healthy  individnali 
The  readiest  and  perhaps  the  best  plan  to  effect  this  is  to 
a  good  large  cut  across  the  outer  canthus  with  a  pair  of  scisso 
This  at  the  same  time  tends  to  reUeve  the  tension  of 
swollen  lid  on  the  eye.  It  is  rare  that  at  this  stage  the  upper 
lid  C4tn  be  everted  witliout  the  greatest  difficidty,  so  that  m^ 
attempt  at  the  loc^ul  application  uf  caustic  solution,  as  is  ot>;. 
reconunended,  is  neither  desirable,  nor  always  indeed  possiUfc 
Tlie  corueiL  inu.st  l)e  watclied,  and  any  symptoms  of  loss  o( 
vitality  couiiteractod,  if  {>ossible,  by  free  incisions  made  with 
scissors,  and  preferably  in  a  radial  direction,  in  the  chemoaed 
conjunctiva.  Unfortunutely  this  treatment  Ls  hy  no  iin 
always  efficacious  in  arresting  the  dreaded  complication, » -v.  ^ 
im  doubt  to  the  interference  with  nutrition  being  not  only  due 
to  pressure  on  the  nnterior  ciliary  vessels,  but  to  actual  sUets 
in  them.  HtLiiscu  Grut  practises  excision  of  a  portion  of  the 
swollen  conjunctiva  all  ronnd  the  cornea.  Wlien  this  treatment 
is  adopted  it  should  be  dune  early.  As  soon  as  the  upper  lid 
can  l»e  everted  without  too  gre^it  difiiculty,  an  application  of  (i 
solution  of  nitrate  of  silver  (5-10  grs.  to  si-.  not  stronger) 
should  be  made  once  or  twice  during  the  twenty-four  hoursi. 
wit]i  the  object  of  restraining  tlie  dif^cbarge  and  diminishing 
the  risk  of  subsequent  inoculation  of  the  cornea.  Any  ulcera- 
tion t*f  the  cornea  appearing  at  this  stage  may  l)e  treated  by 
applying  directly  to  it  the  same  caustic  solution,  unless  it  hn* 
begun  to  heal,  when  care  should  be  taken  that  the  nitrate 
silver  does  not  come  in  contact  with  it.  During  the  whole 
the  time  free  exercise  in  tJie  open  air  is  desirable,  Attenticm 
should  also  be  given  to  the  action  of  the  bowels,  and  opia' 
given.  shouM  sleep  not  be  obtained  without. 

Ophthalmia  Neonatorum  is  practically  the  same  disease 
that  just  descrilwd;  that  is  to  say,  it  Ls  due  to  an  inoculatioi 
with  a  specific  virus.  The  virus  is  probably  not  always  tl; 
.same,  or  at  all  events  what  may  be  sjiin'ifieally  the  same,  h 
sufTered  some  modification,  as  there  are  greater  differences  m 
witli  in  the  intensity  of  this  form  of  intiammation  than  can  wc 
be  accounted  for  by  merely  individual  receptive  differences  o 
the  part  t>f  the  patients. 

Inoculation  of  the  eyes  of  infants  Lukes  place  in  two  wav 
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either  directly  from  tlie  iiwiteriml  passages  during  birth,  or 
afterwards  by  the  use  of  soiled  linen,  sponges,  &c.  In  the  first 
case  the  infliunmation  asiially  begins  on  the  third  day,  although 
it  may  Ini  delayed  two  or  three  days  longer,  and  both  eyew,  as  a 
rule,  are  aflected.  In  tli(?  second  cose  the  first  appearances  are 
often  later  in  presenting  themselves,  and  not  so  frequently  in 
both  eyes  simultaneously.  Purulent  inflammation  beginning 
after  the  first  week  is  almost  certainly  due  to  some  extraneous 
source  of  inoculation.  Tlie  liability  to  purulent  conjunctivitis 
In  the  new-I>orn  infant  is  gi'eater  the  more  prolonged  the  birth. 
Thus  MiUes  found  HO  per  c^nt.  of  all  csises  in  the  uhildreu  of 
primipane,  and  a  larger  number  of  cases  amongst  male  than 
amongst  female  infants,  owing,  no  doubt,  as  he  suggests,  to  the 
fact  that  the  liead,  being  larger,  is  apt  to  rest  longer  on  the 
perineum  before  being  born. 

Ophthidmitt  neonatorum  is  not  by  any  means  as  a  rule  so 
severe  an  intlaiumation  as  purulent  conjunctivitis  in  the  adult. 
In  the  great  majority  of  ciises  it  is  tuainly  the  palpebral  con- 
junctiva which  is  aflected.  so  thai  the  cornea  does  not  run  the 
name  danger.  The  corneal  complications  which  do  arise  are 
mostly  the  result  of  unskilful  Imndling  and  want  of  clejinliness; 
that  is  to  say.  they  are  of  the  directly  infected  and  not  the 
necrotic  type,  and  can  often  be  arrested  by  proper  treatment. 
It  is  nire  indeed  that  we  feel  so  helpless  with  respect  to 
them  as  is  the  case  with  the  early  ulcerations  in  gonorrhoea! 
ophthiihuia. 

With  respect  to  the  treatmerU  in  ophthalmia  neonatorum, 
wliicli  should  l»e  on  much  the  same  lines  as  that  for  the  other 
clinical  form  of  purulent  conjunctivitis,  we  have  to  consider  as 
well  the  very  important  question  of  prophylaxis,  That  is  to 
say,  given  the  possibilities  of  inoculation  taking  place  or  having 
taken  place  during  birth,  how  are  tlu^  ett'ects  to  be  warded  off/ 
This  question  is  of  the  utmost  ijuportance,  liecause  it  has  lieen 
shown  that  in  many  places  the  blindne-ss  resulting  from  this 
early  inflammation  constitutes  about  one-half  of  the  total 
number  of  cases  of  blindness.  Fortunately  the  results  of 
systematic  attempts  made  in  this  direction  have  been  very 
successful,  and  in  some  larger  lying-in  lujspitals  brought  alwut 
the  almost  complete  dibapjfe^irunceof  the  disease.  Irrigation  of 
the  vagina  during  lalK>ur  with  a  solution  of  corrosive  sublimate 
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(1  in  2000)  in  cases  where  a  vaginal  discharge  exists,  has  bctt 
found  tu  be  a  very  suecessful  prophylactic.     The  simplest^iuii 
aC  the  same  time  efficient,  treatment  after  birth  is  llml^] 
Crede,  viz.,  to  drop   into  the  conjunctival  sac  a  solution  A 
nitrate  of  silver  (10  grs.  to  ji.)-     In  some  cases  this  prjdttccji 
little  irritation,  but  it  may  quite  safely  be  employed.    WashiB| 
out  with  cliliiriiu:  \v8tL'r  or  corrosive  sublimate  solution  tiptoi 
tiie  strength  of  1  in  2000  is  also  of  use. 

When  the  iuliainitiation  has  actually  bepun,  the  local 
cation  nf  nitrate  of  silver  (10  grs.  to  ji.)  may  be  l>egUTi, 
continued  once  daily  as  soon  as  the  discharge  becomes  purulet 
and  this,  along  with  frequent  antiseptic  washes  and  the  applii 
tion  of  a  little  fresh  lard  to  the  edges  of  the  lids  to  previ 
retention  of  the  setavtiotij  is  all  that  is  required.  When  oulj 
one  eye  is  affected,  the  mother  or  nurse  should  be  instructed 
keep  the  child  as  much  as  |>ossible  fmni  lying  on  the  other -^V 
so  as  to  prevent  the  dischargfr*  trickling  across  the  nose.  Mlicn 
the  discharge  has  almost  cejised,  the  daily  application  once  or 
twice  of  a  sohition  of  alum  C4— 8  grs.  to  ^i.)  may  l>e  substituted 
for  the  caustic  solution.  Most  cases  recover  without  ent^^nii? 
upon  what  can  properly  be  called  a  chrotiic  state. 

In  a  good  many  cases  of  ophthalmia  neonatorum  the 
conjunctival  surfaces  of  the  KlIs  are  found  to  be  coveml 
by  a  membrane.  This  form  of  Trumhran-ous  conjunctivitis  must 
be  diatinguished  from  diphtheritic  eonjiuictivitis.  The  UHtii 
brane  is  easily  detached,  and  although  there  is  a  terni'ii;- 
towards  bleeding  from  the  conjunctiva  when  it  is  rubW 
off,  it  can  readily  be  .seen  not  to  \m  i\\\e  to  any  intiiuaW 
adherence  between  the  memlirane  and  the  conjunctiva,  such  as 
characterises  diphtheritic  intlammation.  The  abundance  of  tht 
jiurulent  secretion,  as  well  as  the  absence  of  the  li\'id  gre}* 
cohiration  and  marked  constitutional  disturbance,  also  div 
tinguish  this  form  from  the  much  more  uncommon  diphtlieritic 
conjunctivitis.  The  treatnient  is  the  same  as  for  the  ordiuan' 
oiiiithalniia  neonatorum,  with  the  exce[itiou  that  it  is  generally 
advisable  not  to  use  nitrate  of  silver  so  frequently  nor  ao 
strong. 

The  discovery  by  Jseisser  in  1879  of  ii  speuial  micro-orgauian 
the  p)i8  from  caeca  of  blenorrhtt'a  neoaatonun,  as  well  as  fi 
gonorrhoeal  secretions,  and  to  which  Ik*  gave  the  unine  of  fftyrwcoet 
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to  R  number  of  inveetigationa  by  gynscologisto  and  ophUutJ- 
bntists  with  the  view  of  determining  its  morphological  and  patho- 
etic  characteristics.  Neissere  views  us  to  the  specitic  nature  of 
'♦  ^-onococeus  were  cnnHnned  by  Haab  and  Sattlnr,  though  there 
other  Li|>hthaliuologi.st8,  aa  well  as  many  gyiuecolo-^iriBta,  who 
ipnsed  these  \*ic\va.  One  of  the  most  important  evithmccs^  in  support 
Neiftser  was  given  by  Zweifel,  who  found  that  Inchial  set- ret  ions,  in 
^liich  no  gfiuooocci  can  be  detected,  can  lie  intro<iuced  ijUo  the  con- 
junctival t^c  of  the  newly-born  child  without  fear  of  producing 
ojenorrhcea.  Kroner,  having;  examinetl  tho  secretions  in  ninely-two 
<iM«e8  of  ophthalmia  neonatonim,  with  the  rei^ult  that  in  sixty-three 
Ques  he  was  able  to  detect  gont»cocci,  while  in  twenty-nine  they 
%ppeJired  to  be  absent,  came  to  the  conclusion  that  two  distinct  forms 
of  this  ophthalmia  exi&t. 

The  HKtst  complete  and  vaUuible  contribution  \i^  this  subject  has 
been  recently  made  by  Hiimm.  llefore  tlie  publication  of  hia  in%'t«ti- 
giitiona  there  was  an  absence,  as  he  himself  remarks,  '•  of  any  complete 
Agre«ment^  either  iis  to  the  (liugno.<ttic  importance  uf  the  goooooccus, 
from  a  clinical  point  of  riew,  or  itd  true  relation  to  the  diseaaed 
mucous   membrane.      The   pathogenetic    proi>erlie9   of  these  micro- 
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Fro.  32. — Gotiococci  (after  Bamm). 

organisms  had  also  not  been  establjshetl  lieyond  all  doubt."  The 
following  are  the  chief  results  of  liunimV  invi.istijs'ationa.  The  gono- 
ooccus  is  of  a  tiirure  of  8  8htt|:»e,  i.e.^  tlivided  into  two  distinct  parts,  each 
of  which  is  approximately  hemispherical.  It  forms  chuin-like  grrjufis, 
owing  to  its  increasing  by  fiasuro  in  all  directions  alternately  at  riglit 
angles  to  each  other  {see  Fig.  22).  Their  average  length  is  1  '2.5^., 
but,  ncconling  to  the  stage  of  their  dcvclojiment,  they  are  met  witli  in 
sixes  varyiiiR  from  O'8/i.  iii  lenjftli,  and  Oti^.  in  breadth,  to  1*6^1.  in 
length  and  O8/1.  in  breiwith.  The  shajK.'  is  not  characteriati*'  of  the 
gonococci  alone^  there  being  other  germs  of  the  minie  gemifi  {Dt'iUo- 
coccut)  which  are  innocuous,  and  cannot  U*  du<lingui?hed  fnmi 
gonococci  by  tlie  liighest  poweis  of  tht^  micpjacope.  A  special 
characteristic  ».d  tlie  gonococcus  is,  however,  the  urrongement  of 
tbem  iu  roumlish  ma.'i»M>s  within  the  protoplasm  and  surrounding 
the  nuclei  of  living  cells.  In  cases  which  have  not  been  treateil  with 
di8infoctants  they  can  always  be  demonstrated  in  the  ^ec^cti(>u  from  a 
gonorrhaMi-ally  inflamed  mucous  membrane.  SecretiouM  free  from 
gouococci  proiiuce  no  infection  in  mucoua  membraiieH,  whereas,  even 
in  emtdl  quantities,  a  secretion  containing  gi^nocoi-ci  will  produce  with 
abeolut«  certainty  a  blenorrhceic  inflammation  of  any  mucous  mem- 
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bmtie  witl»  which  it  inay  l>e  brouj^lit  in  ooutact,      Exfti  i 
twi-nty-six   tliffprent    conjunctivfp,   from   all   stjigcs   of    in  i 
U'tween  thirty-six  liours  and  the  thirty-secoml  ilay  after  birth,  shn" 
that  the  cocci  force  themselves  in  between  the  epithelial  cells  a^  »■ 
an  into  the  soft  protitplasm,  reaching  lU  fur  as  the  substantia  pmpria 
tlie  papilliB  of  the  mucous  membrane.      ^Vfter  two  days  tlic 
epithelial  layer  niay  in  thia  way  he  invaded  by  cocci.      By  lliat 
there  is  also  developed  a  very  considerable  tissue  reaction,  a  numl 
of  white  blood  corpusclea  having  found  their  way  out  to  the 
from    the    tUlated    ca[nllarics    through    the    epithelial    layer, 
epithi'hum  of  the  Hnibus  of  the  wjrneo,  the  l«>rder  of  the  lid,  Ami 
the  corneti  itsflf,  remains  imattiickeii.      After  having  cau8t?d  greaUr 
k'Ks  di'-htnietioii  of  the  I'pitheliuin,  the  germs  seem  to  lose  their  p«.' 
of  ]iMnotratiuf,',  mvl  ilo  not  spivad  deeper  than  to  the  superticial  b'.>'> 
of  the  sub-epithelial  connective  tissue^  wheni  their  presence  givt>  r^ 
to  the  molt;  intense  inllammatory  Bymptonis,  and  coincides  with  .; 
purulent   stage  of  the   blenorrhu-a.      A   regeneration  of  epith-^   ; 
begins  about  the  fourth  day,  and  soon  forms  a  protecting  layer  ^v  -    - 
when  eventuidly  its  outer  portions  lose  tlieir  nuclei  and  have  lH.t>u 
converted  into  epidermis-like  scides,  otfer  an  impenetrable  barrier  U> 
the  genus  ;    and  the  discharge  of   pua»   which  continues  during  th* 
whole  time  of  the  epithelial  regeneration,  comes  to  an  end.     That  tfa* 
gonococci  aro  the  essential  cause  of  the  infiammation  wns  proveil  by 
the  cliaructeristic   reaction  which  followwl  the   intnxluction  of  a  ?m«ll 
quantity  of  a  pure  cultivation  intn  the  healthy  urethra. 

Phlyctenulau  Co^MUXCTI^^TIS. — This  is  a  <listinct  type  d 
conjunctival  inllanimatioii,  which,  in  its  most  characteristic 
forms,  is  almost  entirely  contined  to  eliildren,  in  whom  it  is 
ultogether  much  more  common  than  in  adults.  Tlie  liffectioo 
is  a  constitutiomil  one»  and  an  evidence  either  of  struma  or  of 
some  weakness  following  measles  or  other  lowering  illness  of 
childhood, — often,  indeed,  of  both  cambiued 

Small  clear  blebs  (phlyctenides),  or  in  some  cases  pustules, 
smTounded  by  a  pinkish  injection,  are  met  with  on  the  oon- 
jiinctiva  covering  the  gli>be,  or  at  the  corueo-sclenil  maipn. 
When  in  the  latter  situation,  they  are  often  found  in 
sidcrable  numbers  if  small,  and  may  occupy  different  porti< 
of  the  circumference  at  the  same  time.  They  may  l»e 
small  as  to  be  barely  recognisable.  When  larger  (2  mm. 
more)  they  are  either  single  or  do  not  exceed  two  or 
in  number.  The  injection  of  the  conjunctival  vessels 
usually  limited  tu  areas  occupied  by  the  pldyctenules,  but 
in  some  cases  more  general.  Often  there  is  at  the  same  ti 
phlyctenular  keratitis,  sometimes  fascicular   keratitis,  and 
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long-contiiiued  severe  case&j  where  there  is  a  constant  recurrence 
of  the  characteristic  conjunctiviti?,  more  or  less  inarlvLMl  pannus. 
This  disease  is  verj*  apt  to  be  associated  witli  pholopliobia, 
a  most  troublesome  complication,  which,  when  not  checked  at 
an  early  stage,  is  a]>t  to  be  Ion*;  continued.  Tt  is  a  common 
thing  to  lie  told  that  an  individual  was  *' blind"  for  several 
mouths  as  a  child.  This  blindness  has  in  a  large  proportion  of 
cases  been  merely  that  which  results  fi"om  the  continual  and 
convulsive  closing  of  the  eyes  to  which  photophobia  gives  rise. 
Blepharitis,  too,  is  a  very  frequent  accompaniment,  more 
common  in  connection  with  this  than  with  any  other  form  of 
conjunctivitis. 


Fl>3.  1!3. — Phlyctenular  (jonjunctivitu. 

There  is  a  marked  tendency  to  relapses  in  jjhlyctenular 
conjuuctivitis,  many  cliildren  sutleriii^'  every  yeur  for  many 
years  in  succession,  and  generally  at  much  the  siune  time  of 
ye-ar,  from  attacks  of  the  same  nature.  When  tliis  form  of  con- 
junctivitis occurs  in  adults  it  is  itnly  rarely  that  we  find  that 
it  is  for  the  first  time.  They  have  had  "  sore  eyes  "  as  children. 
Often  the  phlyctenules  are  absent  altogether  in  the  case  of 
adults,  and  the  affection  is  then  only  recognisable  from  the 
characteristic  injection.  Sometimes,  indeed,  in  such  cases  there 
is  a  very  striking  i-esemblance  between  this  affection  and  epis- 
cleritis, and  some  experience  is  required  to  make  sure  of  the 
diagnosis. 
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The  treatment  of  phlyotonuljir  conjunctivitis  should  be  Iwdi] 
local  and  constitutional.  In  many  cases  the  photophobia,  l«, 
calls  for  special  treatment.  Attention  to  the  functions  t»f  th*' 
skin  by  daily  UiUiing  is  very  important;  nourishing  foo*!. vith 
plenty  of  milk,  and  cod  liver  oil  whenever  it  can  be  tolertUsd,, 
should  be  given.  It  is  only  exceptionally  that  cod  liver  olif 
properly  administered  in  small  quantities  at  first,  or  in  thefom 
of  an  emulsion,  is  altogether  unsuitable.  Locally  the  dusliiig] 
into  the  eyes  once  daily  of  finely  powei-ed  c&loiuel,  or  tlffj 
smearing  into  the  conjunctivid  sac  of  a  little  Pageustecher's 
ointment,  and  the  occasional  bathing  with  boi-acic  acid  lulioD., 
is  the  treatment  generally  adopted.     When  there  is  much  jihoio- 
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Flo.  24. — Pustular  ooajunutiritis. 


phobia  it  is  advisable  to  use  atropine  (0*5  per  cent.)  or  coctuoe 
(2  per  cent.)  as  well.  di*opped  into  the  conjunctival  sac  twice 
or  thrice  daily,  after  drying  away  tlie  tears. 

Persistent  photopliobiu  in  children  is  best  treated  by  the  old 
method  of  dipping  the  head  into  cold  water  and  keeping  it 
immersed  for  a  few  .se.ponds,  until  the  child  begins  to  stru-J  ■ 
for  breath.  The  shock  thus  occasioned  causes  it  to  open  its  \:y^_ 
and  there  is  afterwards  not  the  same  tendency  bo  the  spasmodic 
closing  of  tlie  lids.  Two  or  three  days  of  this  treatment  is 
generallysufticient  to  check  even  a  long-contiinied  blepharospasm. 
Sometimes  it  is  necessary  to  slit  the  outer  canthus,  or.  where  there 
is  a  marked  contraction  of  tlie  ]mlpebral  fissure,  to  perform  the 
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operation  of  canthoplasty,  the  effect  of  which  is  often  extremely 
satisfactory.  For  the  treatment  of  the  accompanying  blepharitis 
and  eczema,  see  page  50.  Adults,  as  a  rule,  do  not  stand  the 
treatment  with  Pagenstecher's  ointment  as  well  as  children.  It 
is  best  in  every  case  in  the  adult  to  begin  trj'ing  it  half  strength 
(4  grs.  to  3i.).  "When  calomel  is  used,  tlie  patient  should  not 
at  the  same  time  take  iodine  in  any  form  internally,  as  a  severe 
inflammation  has  been  seen  to  l)e  occasioned  by  the  conversion 
of  some  of  the  calomel  in  the  conjunctival  sac  into  the  very 
irritating  biniodide  of  mercury. 

Parents  and  others,  as  a  rule,  are  in  the  habit  of  tying  up, 
if  they  do  not  actually  poultice,  their  children's  eyes.  To  this 
practice  is  mainly  to  be  ascribed  the  very  considerable  diffuse 
conjunctival  hypera^mia  and  the  eczema  of  the  lids  which  one 
meets  with  in  many  cases  seen  for  the  first  time.  Tying  up  the 
eyes  or  keeping  the  patients  in  a  dark  r(M)ni  very  much  encour- 
ages photophobia,  so  that  the  practice  is  altogether  to  be  dis- 
couraged. Plenty  of  light,  open  air,  and  exercise,  are  very 
essential  elements  in  the  treatment  of  phlyctenular  conjunctivitis. 

Diphtheritic  Coxjcnctititis  may  exLst  alone,  or  along  with 
diphtheria  of  the  throat.  In  the  latter  case  it  would  appear 
that  the  conjunctival  inflammation  is  generally  the  first  to 
make  its  appearance.  This  affection  is  very  rare  in  Scotland 
though  met  with  pretty  frequently  in  some  countries,  especially 
North  Germany. 

The  inflammation  begins  with  hypenemia  and  lachrymation, 
just  as  in  simple  catarrh,  and  rapidly  proceeds  to  great  swelling 
of  the  lids  and  chemosis,  as  in  purulent  conjunctivitis.  The 
infiltration  of  the  lids  leads  to  greater  stiffness  and  pain  than 
in  purulent  conjunctivitis.  A  greyish-yellow  membrane  is  not 
long  in  making  its  appearance  on  tlie  i>ali>ebral  conjunctiva. 
This  membrane  may  cover  only  a  p<jrtion  of  the  surface  of  the 
conjunctiva,  or  may  be  found  in  patches  over  the  surface. 
These  patches  sometimes  become  more  confluent,  and  such  ca.ses 
are  the  most  severe.  The  membnine  cannot  l>e  completely 
removed  without  leaving  a  raw  bleeding  surface,  which  itself 
has  not  the  natural  healthy  appearance,  but  presents  that 
of  a  fibrinously  infiltrated  tissue.  Tlie  discharge  is  less  in 
(juantity  and  much  thinner  than  in  purulent  conjunctivitis, 
though  it  often  afterwards  becomes  more  copious  and  purulent. 
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There  is  danger  for  the  cornea  throughout,  but  especally 
during  the  first  few  days.  The  cornea  is  lost,  as  the  result  o!  i 
kind  of  necrotic  and  diphtheritic  process  combined,  aDdiscon8^ 
quently  often  very  rapidly  destroyed.  Ulcerations  occurring  it 
later  stages  are  not  so  likely  to  lead  to  total  destruction  of  the 
cornea.  Constitutional  symptoms,  fever,  and  pronounced  lasai- 
tude  are  met  with  in  a  much  more  marked  degree  than  in  other 
forms  of  conjunctivitis,  hut  the  affection  rarely  proves  fatal  unlesB 
there  is  at  the  satiie  time  a  throat  complication.  Diphtheritic 
conjunctivitis  appears  to  he  most  common  in  young  childreo. 

Various  methods  of  treaimevt  have  been  proposed.  My  own 
experience  of  this  disease  has  been  small.  T  have  always 
adopted  tlie  treatment  recommended  by  Tweedie  of  frequent 
bathings  with  a  solution  of  quinine  (3  grs.  to  5i.)-  This  seems 
to  be  the  treatment  most  generally  followed  in  this  country. 
Von  Oraefe  recommended  mercurial  ininictions  inthe  case  of 
adidts,  and  in  (lermany  the  local  application  and  nibbing  in  of 
yellow  oxide  (»f  mercury  ointment  is  by  some  considered  to  have 
a  decided  efl'ect  in  checking  the  progress  of  the  inflammatioa 
The  question  as  to  whether  scarification  of  the  conjunctiva,  as 
practised  often  with  advantage  in  purulent  conjunctivitis,  should 
be  done  in  the  diphtheritic  form,  is  one  on  which  there  seeuis  tu 
be  a  want  of  unanimity.  From  the  tendency  to  a  si)ecilic  infil- 
tration of  the  wounds  thus  formed,  it  would  certainly  appear  to 
he  inadvisable.  Constitutional  treatment  should,  of  coiurse.  be 
aildpted  from  the  first,  and  great  care  t-aken  that  portions 
of  the  membrane  or  of  the  discharge  do  not  come  in  contact 
with  other  mucous  surfaces,  either  in  the  patient  or  his 
attendants. 

GiiAMLAU  CoNJUxrnviTis,  or  Trachoma. — This  form  of 
iniiannnation  is  characterised  by  the  apixjarance  of  granular- 
looking  elevations  in  the  conjunctiva,  and  by  the  subsequent 
cicatricial  changes  caused  by  the  fibroid  degeneration  and  loss 
of  substance  to  which  these  give  rise.  It  is  met  with  in  an 
acute  as  well  as  a  dironic  form,  and  at  all  ages,  except  in  younj; 
children.  Acute  granulations  may  be  the  tirst  beginning  of  the 
<lisease,  or  constitute  merely  an  exacerbation  of  a  previously 
existing  and  more  or  less  quiescent  chronic  state  of  trachoma 
The  granulations,  which  are  mainly,  and  in  most  cases  indeed 
entirely,   confined   to    the   palpebral    conjunctiva,    are    semi- 
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transparent  greyish  or  vellowisb  elevations.  In  every  case 
they  are  met  with  of  very  varTt'ing  sizes  and  arrangemeni.s, 
oiKTng  to  their  not  all  developing  at  the  same  time.  <>ften  they 
are  more  or  less  completely  hidden  by  the  swelling  of  ilie 
papillse,  to  which  they  sooner  or  later  give  rise. 

The  actual  nature  of  the  granulations  is  a  matter  of  dispute : 
most  probably  they  are  lymph  follicle^?  developed  from  the 
existing  lymphatics,  but  they  may  possibly,  as  some  suppose,  be 
altogether  new  structures.  It  seems  proljable  that  they  owe 
their  existence  to  the  presence  of  some  specific  microbe.  This 
is,  however,  denied  by  many  who  are  competent  to  form 
an  opinion  on  the  subject.  According  to  Arlt,  trachoma 
is  altogether  nothing  but  a  form  of  chr»>nic  purulent  con- 
junctivitis, owing  its  origin  to  the  same  inft^iiiiir  material 
as  gonorrhoeal  conjunctivitis,  but  mollified  by  having  passed 
through  a  number  of  eyes  in  such  a  way  as  to  l>e  no  longer 
capable  of  producing  the  same  violent  active  inflammation. 
This  view  appears  improbable  on  account  of  the  absence  of 
cicatricial  formation,  even  in  the  chronic  forms  of  purulent 
conjunctivitis,  as  well  as  from  the  existence  in  one  disease  of 
distinct  granulations  which  are  always  al^sent  in  the  other.  At 
all  events  it  is  certainly  of  iiufioriance  to  make  a  distinct 
clinical  difference  between  the  two  diseases. 

When  the  disease  occurs  in  its  acute  fonn,  the  very  con.sider- 
able- lachrymation  and  photophobia,  a^s  well  as  the  pain,  cause 
attention  to  be  at  once  directed  to  the  lids,  and  the  granulations 
are  detected  on  everting  them.  An  acute  attar-k  lasU  in  the 
most  favourable  cases  for  about  a  month.  l>uring  the  .irst  week 
the  granulations  are  most  distinctly  visible.  Tliey  afterwards 
give  rise  to  an  acute  catarrhal  condition,  by  which  they  are  not 
only  at  first  masked,  but  apparently  eventually  ab.<4>rl>eil  or  sup- 
pressed. Sometimes,  however,  the  swelling  of  the  conjunctiva 
subsides  without  haN-ing  caused  the  disappearance  of  the  granu- 
lations, and  the  disease  thus  passes  into  a  more  chronic  form. 
In  other  cases  it  is  chronic  from  tlie  l»eginnini£.  and  tlie  .synjp- 
toms  to  which  it  gives  rise  may  be  so  sliglit  as  to  lead  to  little 
or  no  complaint  on  the  (jart  of  the  patient. 

Chronic  granulations  last  for  months  or  years,  and  seem  to 
have  a  tendency  every  now  and  then  to  set  up  an  irritation 
which  leads  to  acute  catarrhal  conjunctivitis.     At  other  times 
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one  meets  with  eases,  more  especially  such  as  have  been  pro- 
perly attended  to,  in  which  the  granular  elevations  are  spaise 
and  pale,  but  whicli  all  of  n  sudden  are  subject  to  an  outbreak  of 
fresh  acute  granulations.  The  extent,  too,  to  which  the  papil- 
lary elements  of  the  conjunctiva  participate  in  the  production 
of  the  abnormal  appearance  of  the  palpebral  conjunctiva  is  verr 
various.  They  may  be  uniformly  enlarged  to  such  an  extent  as 
to  give  rise  to  only  a  velvety -looking  surface,  more  or  less  tiorid 
according  to  the  degree  of  vascularity,  or  they  may  here  and 
there  assume  tlie  shape  and  appearance  of  warty  excrescence! 
It  is  the  condition  of  the  conjunctiva,  independently  of  the 
actual  gmnulations,  which  determines  the  nature  and  amount  of 
tlie  secretion  met  with  in  any  case  of  trachoma.  The  more 
swollen  the  conjunctival  papilhe  are,  the  more  copious  and 
muco-purulent  is  the  secretion.  In  many  cases  there  is  indeetl 
little  or  no  secretion. 

A  first  attack  of  acute  granulations  is  only  rarely  accom- 
panied by  any  corneal  complication.  Older  cases,  and  especially 
such  as  are  subject  to  frequent  exacerbations,  l»ecome,  as 
a  rule,  sooner  or  later  associated  with  paunus,  which  may 
involve  the  whole  extent  of  tlie  cornea,  or  only  its  upper 
part.  The  cicatricial  contractions  met  with  in  all  cases  when* 
the  disease  has  existe<l  f(»r  some  time,  i>resent  themselves  ui  tbe 
shape  of  white  bauds,  the  most  conspicuous  of  which  run  paralltfl 
with  the  border  of  the  lid.  There  is,  at  the  same  time,  more  or  less 
dryness  and  shrivelling  up  of  the  conjunctiva,  whicli  in  extreme 
cases  goes  the  length  of  complete  destruction  of  the  conjunctiva, 
a  condition  to  whicli  the  name  of  xerosis  is  given.  In  long- 
continued  ciises  of  trachoma,  too,  the  upper  lids  droop  to  some 
extent,  giving  a  heavy  ajipearance  to  the  eyes,  and  one  which, 
when  it  exists  along  with  corneal  opacities,  is  all  but  chai-ae- 
tcristie  of  the  disease.  The  contraction  which  takes  place  in  the 
conjunctiva  leads  in  old  cases  to  alteration  in  the  directii»n 
of  the  eyelashes,  disticliiasis,  trichiasis,  and  often,  owing  to 
curvature  of  the  tarsus,  to  entroiiion. 

The  frequency  of  trachoma  Miries  very  much  in  different 
districts  and  c<»nmiuuities.  It  is  mostly  met  with  in  low  marshy 
countries,  and  in  places  where  the  population  is  crowded,  ill- 
fed,  and  under  altogether  unfavouralde  hygienic  conditions.  In 
foreign  towns  the  Jewish,  and  in  our  own  the  Irish  quarters^ 
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present  the  largest  percentage  of  tmchouia.     In  Sc«:»tland  ii  is  a 
rare  aHection  except  amongst  the  Irish  population.    Pris*»ns  and 
barracks,  too,  are,  and  more  especially  have  ]«een.  visiie-i  br 
epidemics  of  it.     Armies,  particularly  iu  the  Eiisl.  Iiave  l^een 
visited  by  the  same  disease,  which,  as  general  attention  was  tirsi 
given  to  it  on  account  of  Larrey's  description  f%{  the  state  of 
the  eyes  of  the  French  army  in  Egyi»t  in  170>i.  is  »tftfn  calleii 
Egyptian  Ophthalmia.     Eg}'ptiau  ophthalmia  includes,  however. 
many  other   forms  of  conjunctival  disease  besides  trachoma- 
There   is  no  doubt  that  trachoma  is   contai,n<»us.  though    not 
highly  so,  and  there  seems  ^>odi  reas<:>n  to  sup|»i>s*?  that  the 
contagion  may  pass  by  the  air  in  rooms  which  are  ill-venlilate«L 
In  the  treatment  of  trachoma,  attention  must  i»e  'jiven  to 
cleanliness  and  ventilation.     It  is  certainly  inadvisitlik-  t"  allow 
any  one  with  this  disease  to  sleep  in  the  sauir  r<Miui  with  others. 
or  to  use  toweb  or  sjHjnges  in  common  with  any  one  eL-*e.     He 
should  be  well  fed  and  ke]it  as  much  as  j^»-.»<>iMe  in  llie  ojten 
air.      In  the  acute  form  of  the  intlammation  it  is  inadvisable,  as  a 
rule,  to  use  astringents :  at  most,  and  only  as  Kaig  as  the  cornea  is 
unaffected,  a  weak  solution  of  acetate  of  lead  (2  irrs.  to  5i ).  i»ainted 
on  the  everted  lids  once  daily,  and  lx>racic  aciil  lotion  jis  a  wa-^Ii 
may  be  employed.     ^\'lien  on    the  suj»ervention  of  catarrhal 
intlammation  there  is  a  good  deal  of  muco-purulent  discharjjre. 
nitrate  of  silver  solution,  preferably  weak  (.'>  jrr:*.  to  :si.).  may  l>e 
cautiously  applied  to  the  everteil  lids.    For  the  clironic  case^  tliere 
is  certainly  nothing  better  than  bluestoiie.   This  sliouM  Ifc  applied 
twice  weekly  to  the  everted  lids,  taking  care  to  *iy.'\  the  crystal. 
which  should  be  smooth,  well  at  the  retrotars«d  fold.    Some  cases 
do  not  tolerate  sulphate  of  copper;  and,  in  such,  touching  with 
a  smooth  piece  of  alum,  or  painting  with  the  solulioii  of  lead. 
may  l>e  used  instead.     I  have  no  ex|K^rience  of  tlie  treatment 
with  jequirity,   which  has  lately   lx,'cn   recommeinlcd.      It   is 
certainly    unjustifiable   to    use  it   in  cases  wliere  there  is  not 
very  great  defect  of  vision  on  account  of  jmnnus,  as,   sfj    far, 
it  has  been   found   difficult,   if   not   altogether   imi>ossible,   to 
control  the  severity  of  tlie  intlammation  to  which  it  -nves  rise. 

Latterly  attempts  have  been  made  to  cure  the  more  per- 
sistent cases  of  trachoma  by  excising  altogetlier  j)ortionsV>f  the 
conjunctiva  in  which  the  granulations  are  most  almndant. 
This   treatment   is  nmch   pmctised  in  KonigslK?rg,  where  tlie 
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dLseiuse  is  of  fro<iuent  occurrence,  and  is  strongly  recommeuded 
by  Jacobson.  Sattler,  too,  who  has  liad  a  ki^  experience  (rf 
the  treatment  by  excising  the  conjunctival  fold,  speaks  well  of 
it,  altliough  he  has  given  it  up  in  favour  of  another  method 
{vide  infra).  He  considers  that  the  chief  objection  which  bas 
been  raised  agsiinst  the  excision  treatment,  viz.,  that  the 
cicatricial  contractions  thus  caused  might  be  worse  than  thoee 
resulting  from  the  trachoma  process  itself,  is  not  founded  upon 
fact,  hut  enterUiined  only  by  those  who  have  had  no  experience 
of  it.  An  excision  of  a  fold,  2  to  5  millimetres  in  breadth, 
produces  abscjlutely  no  defect,  and  uuich  more  extensive 
exci.sions,  undertaken  in  tlie  more  advanced  cases  of  trachoma, 
do  not  cause  the  supposed  interference  with  the  normal  move- 
ments, i)rovided  tliey  he  made  sui>erficially,  and  do  not  invol« 
tlie  tendon  of  tlie  levator,  or  its  insertion.  When,  however,  in 
order  to  avoid  making  a  too  complete  excision,  and  trusting  to 
the  favmnable  influence  on  tlie  remaining  follicles  of  a  partial 
incision,  groups  of  follicles  are  allowed  to  remain  in  the  lower 
lid,  conjunctiva  bulbi,  or  caruiude,  and  the  patient  dischai)^ 
before  they  have  disappe^ired  under  suitable  topical  treatment, 
severe  recurrences  are  far  fron»  being  excluded. 

In  performing  excision,  however,  not  only  is  the  specific 
new  formation  of  tlie  tracluimatous  process  removed,  but,  in 
addition,  other  }»arts  which,  though  perhaps  they  may  not  be  in 
ii  normal  slate,  are  yet  only  secondarily  afl'ectcd  in  a  manner 
from  which  they  arc  ((uite  capable  of  recovering.  For  this  reason, 
and  because  the  pathology  of  trachonui  seems  to  afford  a  well- 
groundctl  indication  for  so  doing,  Sattler  reconmiends  the  earlv 
and  complete  removal  of  the  follicular  deposits  with  as  little 
interference  us  jiossible  with  the  other  tissues.  The  method 
omployi'd  by  Sattler  for  this  purpose  consists  in  rupturing  the 
follicles  with  a  cataract  needle,  an<l  scooping  out  their  contents 
with  a  line  circular  sharp  siioou,  2  to  4  millimetres  in  diameter. 
In  shelling  (»ut  the  cotitents  of  the  follicles  in  the  conjuuetival 
fohls,  the  tissues  have  to  be  put  on  the  stretcli  by  means  of 
fixation  f*trceps.  All  the  follicles  should  be  eradicated  in  this 
manner  at  one  sitting,  a  general  ana'sthetic  l>eing  used  if 
necessary.  The  reaction  is  said  to  be  usually  inconsideitible, 
and  tlie  subse<iuent  treatuient  consists  in  washing  out  the 
conjunctival  sac  with  coiTosive  sublimate  lotion. 


AMYLOID  DEGENERATION.  103 

The  accompanying  pannus  does  not  call  for  special  treat- 
ment, having  a  tendency  to  improve  or  disappear  with  the 
cure  of  the  conjunctival  infiammation.  Other  complica- 
tions often  require  operative  treatment,  which  is  elsewhere 
discussed. 

FoLuccLAR  Conjunctivitis. — A  not  uncommon  form  of  con- 
junctival inflammation,  which  presents  very  much  the  same 
appearance  as  is  met  with  in  some  cases  of  granular  con- 
junctivitis, and  which  by  many  is  l«x)ked  upon  as  a  milder 
form,  or  even  merely  a  different  stage  of  that  disease,  is 
known  as  follicular  conjunctivitis.  The  differential  diagnosis 
between  this  and  the  granular  form  is  by  no  means  always  easy, 
and  often,  at  first,  well-nigh  impossible.  The  little  elevations 
forming  in  the  conjunctiva,  the  so-called  follicles,  have  more  the 
appearance  of  transparent  blebs,  whitish-yellow  in  c«>lour.  They 
are  almost  entirely  confined  to  the  lower  lid,  occurring,  if  at  all, 
in  much  smaller  numbers  in  the  upper.  They  are  associated,  as 
in  the  case  of  the  true  granular  inflammation,  but  never  to  the 
same  extent  as  often  happens  in  that  disease,  with  swelling  and 
hypertrophy  of  the  conjunctival  papilhe.  The  great  clinical 
characteristic,  however,  is  tliat  they  never  lead  to  subsequent 
shrinking  and  cicatrisation ;  so  that  even  should  there  be  no 
aimtoniical  distinction  (X)ssible  between  follicular  and  granular 
conjunctivitis,  the  course  of  the  affection  sufficiently  justifies  a 
clinical  distinction.  Follicular  conjunctivitis  is  mostly  met  with 
in  children,  and  appears  to  be  contagious.  The  affection  lasts 
from  a  few  weeks  to  many  months.  It  apj>cars  to  occur  with 
equal  frecjuency  in  districts  which  are  free  fn»m  trachoma  as  in 
those  in  which  that  affection  is  rife. 

The  treatment  should  consist  in  the  imjirovement  of  the 
hygienic  conditions;  change  of  air,  too,  e3]K*ciaI!y  to  some  high- 
lying  locality,  where  that  is  possible,  is  generally  advisable. 
Where  there  is  much  catarrh,  nitrate  of  silver  an<i  lead  lotions 
may  be  used  locally.  When,  on  the  other  liand,  the  conjunctiva 
is  abnormally  pale  and  non-vascularised,  tlie  use  of  sulphatii  of 
copper  (solid)  is  indicated. 

Amyloid  Degeneration*  of  the  Conjinctiva. — This  is  a 
rare  disease,  first  correctly  descrilied  by  Von  Oettingen  of 
Dorpat,  where  it  appears  to  be  more  frequent  than  elsewliere. 
Von  Oettingen  beUeved  it  to  be  an  exceptional  f(»rm  of  degenera- 
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tion  occurring  in  trachoma.  Others  consider  it  a  separate  disease 
altogether.  In  any  case,  it  is  clinically  distinct,  though  the  con- 
nection witli  trachoma  is  extremely  probable.  Thus,  for  instance, 
at  Dorpat,  where  trachoma  is  common,  amyloid  degeneration  is 
found  to  be  most  frequent  between  the  ages  of  ten  and  thirty, 
which  coiTesponds  to  the  j>eriod  of  maximum  frequency  of 
trachoma.  It  is  also  met  with  in  cases  of  old-standing  trachoma. 
The  appearance  presented  is  that  of  yellowish  and  waxy-looking 
masses  on  the  palpebral  conjunctiva  of  both  upper  and  lower 
lids,  springing  from  the  retrotarsal  fold.  The  masses  are  usuallv 
very  hard,  and  there  is  at  the  same  time  always  a  great  enlarge- 
ment of  the  tarsus.  Portions  excised  give  the  cliaracteristic 
reaction  of  amyloid  degeneration.  The  exact  nature  of  the 
process  is  differently  described  by  various  histologists.  Ther« 
seems  little  doubt,  however,  that  the  process  is  entirely  a  local 
one,  as  it  is  rarely,  if  ever,  associated  with  similar  degeneration 
elsewhere.  The  ircatmmt  recommended  is  the  excision  of  the 
waxy  masses  along  with  the  tarsus. 

Essential  Shkinkinc;  of  the  Conjunctiva. — Occasionally, 
and  without  any  marked  infiammatory  symptoms  at  the  time, 
an  atrophy  of  the  conjunctiva,  or  a  complete  growing  together 
of  its  opposed  surfaces,  takes  place.  The  connection  between 
this  degeneiative  change,  to  wiiich  Alfred  Graefe  has  given  the 
name  of  essential  shrinking  of  the  conjunctiva,  and  pemphigus, 
was  pointed  out  a  few  years  ago  by  Steffan.  Cases  of 
pemphigus  of  the  conjunetiva  hud  ])reviously  been  described,  in 
which  the  eruption  on  the  conjunctiva  formed  part  merely  of  a 
more  or  less  generally  distributed  skin  affection  of  the  same 
nature.  In  such  cases,  too,  it  was  observed  to  lead  to  slirinkiug. 
In  the  cases  of  essential  shrinking  it  has  Injen  supposed  that  the 
pempliigus  may  be  limited  to  the  conjunctiva.  Cohn,  for 
instance,  has  ])ublished  a  case  where  the  suspected  connection 
between  tlie  shrinking  of  the  conjunctiva  and  j^emphigus  was 
afterwards  confirmed  by  the  development  of  a  characteristic 
eruption  all  over  the  body,  lu  this  country,  cases  of  this 
peculiar  conjunctival  disease  have  l)ecn  described  by  Lang, 
Critchett,  and  Nettleship,  whicl»,  as  well  as  others  reported  Jrom 
the  clinics  of  Schweigger  and  Alfred  Graefe,  render  the  connec- 
tion between  the  two  conditions  extremely  probable.  Several 
eases  have  come  under  my  own  observation,  but  I  have  only  once 
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seen  the  disease  accompanied  by  pemphigus.  lu  tikat  cuae.  u<*. 
the  skin  affection  was  not  a  true  pemphigus,  but  appiarenily  more 
an  eczema  with  occasional  large  blebs,  decidedly  a  mixed  f«jnii. 

The  treatment  of  essential  conjunctival  shrinking  has  l^ren 
always  without  any  effect,  even  where  transplaniatiMn  Mf 
mucous  membrane  from  other  parts  has  been  tried. 

SuBCOXJrxtmAL  (Edema. — More  or  less  pmnounctd  swelling 
of  the  conjunctiva,  without  any  local  int!ammat<»r>'  reilntrs*. 
giving  the  appearance  of  a  semi-transparvnt  Web  or  bulla  sur- 
rounding the  cornea,  and  it  may  be  pniitruding  fr>>m  lietween 
the  lids, is  met  with  in  cases  of  intiammation  in  the  orb::.  ey*:l:d. 
or  nose.  When  there  is  no  f*xus  of  indaiimiation  in  the 
proximity,  it  is  usually  a  symptom  of  s^jnie  jienenil  riff»^:t!oij — 
heart,  kidney,  Jcc. — and  occurs  aLmtf  with  ce'lema  in  <»t!i*--r  |«art^ 
of  the  hotly. 

Occasionally  one  meets  with  oedema  *d  the  '.■'■:.;-:nctiva 
evidently  unassociated  with  any  other  affe:-ti«>n.  Thu-.  I  havtr 
seen  several  cases  in  which  a  ut>n-inflauiiu;it'>ry  ':Uruvn> 
recurred  at  inter\-als,  or  while  permanently  \»r*:^:ii\  to  -•.•:ii»r 
extent  increased  in  severity  at  different  times,  in  ••tLrrwL^ 
perfectly  healthy  individuals.  In  one  casv  re*:  firrer;'^  »r  of 
excessive  oedema  of  this  nature  had  taken  place  ir->ui  i-'\t  to 
six  times  every  year  for  eighteen  years,  the  tirst  atta*  k  \^hx'j. 
rightly  or  wrongly  ascribed  to  a  snake-bite  in  India. 

EcCHYMOSis. — Any  rupture  or  incLsivn  of  the  <":ijui:f:t:va. 
produced  either  accidentally  or  by  s«inje  oj<enit:"!j.  ir:v-«  ri-^  to 
effusion  of  blood  into  the  membrane,  wbi'.h.  aC'?or'i:i.i'  10  it" 
extent,  takes  from  one  to  three  weeks  to  uudef.'"  ^t'-v-rpii'-rj. 
Spontaneous  eeehymoses  occur  Vy  the  bur-tin;:  of  C'»:jjini':t:val 
vessels,  usually  owing  to  some  excessive  >traiii  whi'.-li  ha.s  r--iu--r'l 
temporary  congestion  of  the  head — couirhinL'.  T?neez:iiL'.  vorijitin'.'. 
&c.  A  tendency  to  the  occiurence  of  such  ecchym<^»^s  iiidi'-ite- 
often  a  degenerated  state  of  the  vessels,  and  may  therefore  l>f  of 
symptomatic  importance. 

Emphysema  of  the  conjunctiva  may  occur  aloiie  *fi  rtl-zic 
with  ecchymosis.  In  the  latter  case,  s'jme  coane<:tiorj  hn^  i^ren 
established  between  the  air  jja-ssajres  and  the  orbital  ti—ii*-.-. 
The  condition  is  rare. 

Ptervgicm. — An  inflammatory  or  hyi»ertr-.pbic  thi'.keniri;; 
of  a  portion  of  the  conjunctiva,  of  a  triantndar  •^haj*'.',  firmly 
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attat'Iietl  by  its  apex  of  the  siiperfieial  layers  to  the  coruea,hM 
received  the  name  of  ptcry^uin,  owiug  tu  its  faueied  reseniblinot 
to  the  win^  of  an  iusect.  The  sides  of  a  pterygitiiu  form 
dislint't  fiihls,  under  wlurh  a  prohe  may  he  jMissed,  ofleu  fun 
considerable  distanee.  The  fohlinj^  -  in  uf  the  sides  gives  ttu 
apjiearance.  as  if  some  new  membrane  lay  over  the  cfjnjuucti\"a. 
Very  considerable  differences  exist  iu  the  consistency  of  the 
pterygium.  In  some  ca*ie.8  it  is  thin,  pale,  and  fihrous ;  wluk 
the  other  extreme  is  represented  by  a  swollen,  red,  desliy  dela- 
tion of  the  chiiracteristic  trinngidar  forui, 

Tlie  ordinary  pterygium  is  jilwayn  found  in  a  position  corw- 


Fw.  26. — Pterygium. 

spoiiding  to  the  jtalpebral  tissurc.  and  therefore  over  one  of  the 
lateral  i*eeti  muscles  ;  much  most  commonly  over  the  intenius. 
Sometimes  it  exists  in  both  eyes,  and  occasionally  two  are  met 
with  in  the  same  eye. 

Pterygium  has  a  tendency  in  most  cases  to  spread  o\'er  the 
cornea,  tbouj^di  it  is  rarely  seen  to  extend  l)eyond  the  centre  of 
the  pupil.  It  occurs  only  in  individuals  who  ure  exposed  to 
constant  irritation  of  the  conjunctiva,  and  in  whom,  at  the  same 
time,  the  coujuucliva  is  toleridily  lax.  It  is  therefore  nio!»l 
frequently  met  with  in  uuusons,  fii'ld  lalKnirers,  colliers,  &c.,  aui! 
generally  after  the  age  of  forty.  Tlie  initation  to  which  tlwv 
are  subjected,  causes,  in  nil  probability,  not  only  hypertrophy  of 
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those  portions  of  the  ocular  conjunctiva,  which  is  not  covered 
by  the  lids,  but  a  loss  of  the  normal  epithelial  covering,  so  that 
there   is  a  tendency  for  an  adhesion  to  take  place  between  the 
conjunctiva  and  the  epithelial  surface  of  the  contiguous  cornea, 
the   vitality  of  which  is  also  interfered  with  from  the  same 
cause.     After  such  an  adhesion  has  once  taken  place,  the  con- 
tinuance of  the  irritation  causes  the  surface  of  the  conjunctiva 
to  double  over  more  and  more  on  the  cornea,  and  thus  to  extend 
its  attachment  with  the  superficial  layers  of  the  cornea,  and  at 
the  same  time  drag  more  and  more  on  the  surrounding  con- 
juuetiva.      A   less   common   form,   or  what  may  be   called  a 
spurious  pterygium,  is  met  with  at  any  part  of  the  conjunctiva. 
It   is  the  result  of  the  attachment  of  a  portion  of  chemotic 
conjunctiva  to  a  subjacent  ulcer  of  the  cornea.      Such  cases 
are   only   met   with   after  severe   inHammations,   and  do   not 
extend.     They  also,  as  a  rule,  leave  a  complete  space,  wliich  is 
bridged  ov*,  so  that  a  probe  may  be  passed  from  side  to  side 
below  the  fold  of  conjunctiva. 

There  does  not  appear  to  be  any  connection  between  the 
action  of  the  ocular  muscles  and  the  position  usually  assumed 
by  a  pterygium,  that  being  probably  entirely  dependent  on  the 
conjunctiva  opposite  the  palpebral  fissure  being  most  subject 
to  the  changes  which  long-continued  irritation  produces. 

The  treatment  to  be  adopted  in  the  case  of  pterygium  should 
depend  upon  whether  or  not  it  is  progressing  in  such  a  manner 
as  to  interfere  with  vision  or  with  the  free  mobility  of  the  eye. 
If  this  be  the  case,  or  if  for  the  sake  of  appearance  tlie  patient 
wishes  it  to  be  removed,  an  operation  should  l>e  performed. 
The  most  suitable  and  satisfactory  method  of  operating  is  tliat 
described  in  Chapter  XVIII.  When  this  is  properly  done  it  is 
rare  to  meet  with  any  recurrence.  It  is  essential,  however, 
in  order  to  insure  success,  that  the  patient  should  not  be  exposed 
to  the  same  irritation  to  which  the  original  occurrence  of  the 
affection  is  to  be  ascribed,  until  sonie  time  after  complete  healing 
has  taken  place.  "When  possible,  it  is  advisable  tliat  he  should 
change  his  occupation  altogether  for  one  which  does  not  entail 
the  same  risk.  In  cases  where,  although  there  cun  be  no  doubt 
as  to  the  gradual  progression  of  the  pterygium,  the  patient  is 
nevertheless  unwilling  to  submit  to  operative  interference,  he 
must  be  protected  against  the  constant  irritation  in  some  manner 
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best  suited  to  the  requirements  of  each  case.  If  he  continues  bis 
wonted  occupation  the  eye  should  he  tied  up  for  a  lengthened 
period.  The  spurious  form  shows  little  or  no  tendency  to 
progress,  and  never  recurs  after  operation. 

IMxGUECULA. — Another  change  met  with  in  the  ocular  con- 
junctiva of  adults,  as  the  result  of  continued  irritation  from  some 
cause  or  other,  is  what  is  called  pinguecula.  This  is  a  whitish 
or  pale  yellow  condensiition  of  the  conjimctival  tissues  covering 
the  sclera  mostly  to  the  inner  and  outer  sides  of  the  cornea,  and 
con'esponding,  therefore,  to  tliat  jwrtion  which  lies  opposite  the 
])alpebral  fissure.  The  patch  is  often  irregularly  triangular  in 
shape,  and  generally  only  very  slightly  prominent.  Most 
commonly  it  is  met  with  to  the  inner  and  out-cr  side  in 
the  siimc  r-r  in  both  eyes,  but  more  pronounced,  as  a  nile, 
to  tlie  inner  side.  It  does  not  cause  any  inconvenience,  and 
does  not  call  for  operation.  Pinguecida  is  a  slow  inflammatory 
thickening  of  tlie  deeper  tissues  of  the  conjunctiva,  which, 
although  yellow  in  appearance,  does  not  seem  to  entangle 
any  fat. 

IxjuitiEs  TO  THE  Conjunctiva  —  Foreigx  Bodies  in  the 
Conjunctiva. — Clean  cuts  in  the  conjunctiva  readily  heal,  if  the 
edges  of  the  wound  l)e  In-ought  together  by  stitches,  and  without 
giving  rise  to  intlamniatory  reaction.  I^ft  to  themselves, 
such  wounds  are  a])t  to  gape,  so  that  healing  takes  place  by 
granulation,  and  is  therefore  often  accompanied  by  more 
or  less  conjunctivitis.  Foreign  l)odies  when  retained  in  the 
conjunctival  sac  for  days  or  weeks  set  up  a  trtaumatic  con- 
junctivitis. Tiioy  usually  lodge  somewhere  under  the  upper  lid, 
find  mostly  l>econie  tixed,  with  or  without  penetration,  in  some 
portion  of  the  conjunctiva  covering  the  tarsus,  often  close  to  the 
lid  margin.  Sometimes  they  become  embedded  in  the  folds  of 
the  retrotarsal  portion  of  the  conjunctiva,  or  owing  to  suction — 
us,  for  iiKstancc,  in  the  case  of  busks  of  corn — lie  with  the 
cctncavc  siu-face  against  the  conjmictiva.  In  the  first  position 
they  are  apt  to  give  rise  to  ulceration  of  the  cornea.  Owing 
to  this  circumstance,  it  is  well  to  make  a  practice  of  always 
everting  tlie  lids,  and  exauuning  the  conjunctival  surfaces 
carefully  in  all  cases  of  inliammation  of  conjunctiva,  or  abrasion 
or  ulc<!ration  of  the  cornea.  Tortious  of  glass  are  the  most 
difficult  to  detect,  so  that  when  there  is  any  suspicion  of  there 
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being  a  foreign  body  of  this  nature  present,  the  everted  lid 
should  be  examined  with  oblique  illumination,  and,  if  necessary, 
with  a  magnifying  glass.  Besides  the  cutting  and  contusion 
which  may  be  caused  by  meehanictil  injury  to  the  conjunctiva, 
and  the  subsequent  changes,  inflammation  and  cicatrisation, 
which  result  in  this  way,  other  and  often  more  serious  changes 
are  caused  by  agents  which  have  a  chemical  or  thermal  action. 

Accidents  from  the  introduction  into  the  eye  of  acids, 
alkalies,  lime,  boiling  water,  or  molten  metal  are  not  un- 
common. As  a  rule  such  accidents  are  immediately  followed  by 
great  pain,  which  leads  the  patient  to  seek  advice  as  soon  as 
possible  When,  as  usually  happens,  a  iwrtion  of  tlie  conjunctiva 
has  l>een  destroyed,  the  prognosis  will  depend  greatly  on  the 
extent  as  well  as  position  of  the  injured  portion.  Except  where 
the  cornea  is  seriously  damaged  at  the  same  tiuie,  tlm  worst 
cases  are  those  in  which  a  considerable  extent  of  both  ocular  and 
palpebral  conjunctiva  has  been  destroyed,  and  luore  especially 
when  the  destruction  has  involved  the  retroUirsal  fold.  It 
becomes,  then,  impossible  to  prevent  adhesion  of  the  lid  to 
the  globe,  or  what  is  called  symblepharon.  A  symblepharon 
necessarily,  too,  gives  rise  to  more  or  less  restriction  of  the 
movements  of  the  eye.  It  is  often  possible  to  remedy  the 
defect  by  some  operation;  but  it  is  of  great  importance  to 
make  an  effort  in  all  cases  seen  soon  after  the  accident  to  avoid 
the  formation  of  an  adhesion  between  the  two  raw  surfaces. 
This  can,  as  a  rule,  be  successfully  accomplished,  if  the  fold  of 
transition  from  the  ocular  to  the  palpeln-al  conjunctiva  be  not 
injured  to  any  great  extent,  by  fre(iuently  dropping  a  few  drops  of 
olive  oil  into  the  eye  after  washing  it  out  with  a  weak  non-irrita- 
ting antiseptic  lotion  (corrosive  sublimate,  1  in  5000, or  a  saturated 
solution  of  boracic  acid),  and  at  the  same  time  fretjuently 
separating  the  two  surfaces.  This  treatment  sliould,  in  any  case, 
be  adopted  immediately  after  an  injury  has  been  received  winch 
is  likely  to  cause  destruction  of  the  conjunctiva;  but  it  must,  of 
course,  always  be  preceded  by  a  thorough  examination  of  the 
whole  extent  of  the  conjunctival  surface,  and  the  removal  of  any 
foreign  bodies.  In  cases  where  the  burning  is  the  result  of  acid, 
it  is  advisable,  in  order  to  neutralise  any  of  the  acid  which  may 
still  be  present,  to  bathe  with  a  weak  solution  of  washing  soda, 
which  is  generally  at  hand. 
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Electric  Light  Ophthalmia. — A  new  form  of  conjunctivitis 
is  now  occasionally  met  with  since  the  strong  arc  electric  li^t 
has  come  so  much  into  use.  Amongst  those  whose  eyes  are 
Kuhjccted  to  tlie  glare  of  a  powerful  arc  light,  an  intense  con- 
junctival iiritntion  is  sometimes  found  to  come  on  several  hours 
afterwards.  The  condition  is  exceedingly  iMiinful,  accompanied 
by  swelling  of  the  lids  and  great  photophobia.  It  has  been 
shown  hy  Widmark,  by  a  series  of  beautiful  experiments,  that  it 
is  the  violet  and  ultra-\-iolet  rays  contained  in  the  electric  li^t 
wliicli  cause  the  characteristic  irritation. 

Snow-ulixdness.  —  Both  as  regards  its  symptoms  and 
eticilogy,  snow-blindness  is  closely  allied  to  the  form  of  conjunc- 
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lival  irritation  set  u])  by  exposure  to  strong  electric  light. 
There  is  intense  pl)olopln)bia,  swelling  of  the  lids  and  cheiuosis, 
following  iijHMi  llie  exp(»sure  for  some  hours  to  the  light  reflected 
from  snow.  As  in  the  case  of  electric  light  ophthalmia,  it  is  the 
irritation  of  the  conjunctiva  by  the  shorter,  more  actinic  waves 
of  liglit  wliieli  gives  rise  to  these  symptoms.  According  to  some, 
they  are  caused  as  well  by  exjjosure  to  sharj),  frosty  air  con- 
taining minute  ice  spicules. 

Dark  smoke*!  ghtsses  should  be  used  as  a  protection  wherever 
tliere  is  the  risk  of  either  electric  light  or  snow-blindnesa 

LvMi'HANciECTA.sis  uv  TiiK  CONJUNCT/ VA. — A  not  uncommon 
appearance  is  met  with  in  the  conjunctiva,  as  the  I'esult  pro- 
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bably  of  some  interference  with  the  uomial  flow  of  the  lymph, 
and  consequent  dilation  of  the  lymph  spaces.  This  change,  which 
seems  to  be  of  no  importance,  and  not  associated  with  any 
inflammation,  consists  in  the  formation  of  blebs  of  clear  straw- 
coloured  fluid,  not  bigger  tlian  a  pin*s-head,  but  crowded  together 
in  masses.  The  blebs  are  situated  in  the  superficial  layers  of 
the  conjunctiva,  so  that  they  can  be  readily  pushed  with  the 
conjunctiva  over  the  subjacent  tissues  (see  Fig.  26).  They  often 
disappear  spontaneously  after  some  weeks  or  months. 

Tumours  and  other  Affections  of  the  Conjunctiva. — 
Tumours  of  the  conjunctiva  are  rare.  Of  the  non-malignant 
forms  perhaps  the  most  common  are  papillomata.  They  usually 
occur  as  multiple  excrescences  from  the  conjunctiva,  at  the  inner 


Fio.  27. — Dermoid  of  cornea. 

angle  of  the  eye  in  the  region  of  the  caruncle,  but  are  found  at 
the  same  time  springing  from  the  palpebral  conjunctiva.  Their 
surfaces  are  generally  uneven,  often  crenute<l,  liut  tl»ey  may  also 
be  smooth.  If  thoroughly  removed  there  seems  to  be  no  tendency 
to  recurrence. 

Simple  enlai^ment  of  the  caruncle  is  sometimes  met  witli. 

Dermoid  Cysts  of  the  conjunctiva  are  situated  at  the  corneo- 
scleral margin,  and  involve  the  cornea  as  well.     (Fig.  27.) 

Simple  Cysts,  congenital  and  traumatic,  are  described  as 
ha\'ing  been  met  with ;  also  others  containing  a  cysticercus 
which  sometimes  makes  its  appearance  subconjunctivally. 

Of  malignant  tumours  sarcomata  of  the  conjunctiva  are  not 
so  very  uncommon.     They  are  most  frequently  met  with  in  the 
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ocular  conjunctiva.  Thc'v  may  or  may  not  he  melanotic.  K 
when  apparently  very  completely  removed,  they  uru  extrti 
liable  to  r«cur.  WFien.  therefore,  no  doubt  exists  as  to  ': 
nature,  as,  for  instance,  wlicn  ihey  are  melanotic,  antl  whfn 
catcliing  hold  of  them  with  the  H.xation  forceps  they  readily  lu 
and  bleed,  and  show  themselves  to  be  of  a  soft  buttery  cciti 
ence,  the  best  treatment,  unless  the  other  eye  should  be  bhn 


Fiii.  2S. — Chancre  uf  conjuiictim. 


absent,  is  to  remove  the  eye,  and  at  the  same  time  «  part  or 
itf  the  contents  of  the  orbit. 

Rmhnt  nlrxrA  and  r.pifhdiomata  are  generally  found 
extensions  from  the  skin  of  the  lids,  but  they  may  originate 
the  conjunctiva.     They  must  in  any  case  be  freely  reiiiovwi 

7'tthercirltir  and    hrpoid  siccIUnff.t  of   the  conjunctiva  occ.i 
as  rare  afl'ections,  the  latter  mostly  spreading  from  the 
while  the  former  appear  to  oriijiuatc  in  the  conjunctivn      Th( 
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a  t^ndeDcy  U>  sprwid  to  the  cornea.  The  <lilTerentinl 
is  l>y  no  tueims  easy.  Tlie  so-cnlltMi  tubercle  biicilli 
ive  been  found  in  some  cuses.  Cases  whicli  I  have  examined 
for  ibLs  uiicrol»e  have  all  led  to  negative  results,  although 
ihej  tiave  sonietinjeH  pro<'eetle(l  to  coniijlete  destruction  of 
thb  ey^.  Some  such  cjiseij,  as  far  as  my  own  fxperienee  goes, 
Appeiir  to  Ix;  more  of  the  nature  of  HtnniKiUK  thickenings 
and  ulcerations  than  real  tuhereidar  mus-SL\s,  The  traittnetU 
ronsitiUs  in  excising  or  thoroughly  scraping  away  the  soft 
tumour  tisEsue. 

L'll\Nf*UBK  fMxnr  tH*ensionally  in  the  conjunctiva,  and  invnlve 

\ii  skin  of  the  surrounding  lids.     They  are  not,  as  a  rule,  ditli- 

ilt  U)  diagnose,  but  any  doubt  is  set  at  rest  by  the  appearance 

(*econdar>"  symptoms  in  a  certain  pr(>|xtrtion  of  all  cases. 

Hyperplastic  SrBcoN.ri'NCTiviTis.— I  have  met  with  several 


Fia.  *J9. — U^rporpUstioSabconjunctivitu. 

of  0  condition  which  I  have  not  found  dest^ribed  elsewhere, 

tod  whirh  apfieai-s  t^  W  a  hy^»erplasia  of  the  deeper  tissues  of  the 

mjiinctival  f(»hl,     It  seems  always  to  occur  in  the  lower  lid, 

id  fonnsahani  mass  of  almost  c^irtilaginnusconsistciicy,  which 

irings  inunedlHtt^ly  into  view  when  the  lid  is  everted     It  may 

fen  gn)W  s<i  large  as  to  project  beyon*!  the  lid.     It  is  associated 

ith    but    httle    conjunctival     irritation,    though    sometimes 

proilucing  a*dema,  and  disappears  after  8ome  months  without 

Fig.  29  Ls  from  a  case  where  the  condition  existed 

...  .;^;,iavatetl  form, 

EpiscrLKRlTis. — The  deeper  tissues  covering  the  aclcrn  arc 
ibjccl  to  a  characteristic  type  of  inHtimmation.  to  which  the 
ime  of  episcleritis  is  gi.^ncndly  given.  Possibly  sumetimes  the 
iperticial  layers  of  the  sclera  itself  may  also  be  involvetl,  but 
8 


114 


DISEASES  OF  THE  CONJUNCTIVA. 


ill  most  cases  the  inflammation  is  mainly  or  entirely  confined  to 
the  looser  tissues  above  it. 

Episcleritis  shows  itself  as  a  patch  of  inflammation,  the  meet 
intense  point  of  which  is  generally  situated  some  millimetres 
from  the  corneo-scleral  margin.  In  appearance  the  patch  is  at 
first  not  unlike  that  caused  by  the  injection  surrounding  a  large 
conjunctival  plilyctenule.  Its  colour  is,  however,  darker,  being 
of  a  deeper  red,  with  not  infrequently  a  tinge  of  violet  The 
patch  is  always  more  or  less  prominent,  sometimes  very 
markedly  so,  and  gives  rise  then  to  the  appearance  of  a 
considerable  bulging  of  the  sclera  in  the  area  of  inflammation. 
In  size  it  varies  much  in  ditt'erent  cases ;  but,  while  generally 


Kk;.  30. — Episcleritis. 


consiilcrubly  less,  may  occasionally  involve  one-fourth  of  the 
extent  of  the  ocular  conjunctiva.  After  the  inflammation  has 
subsided,  it  leaves  more  or  less  trace  of  its  former  existence  in 
the  sha])e  of  a  steel  or  slate-grey  patch,  which  generally  merges 
into  the  surrounding  healthy  coloured  conjunctiva. 

As  a  rule,  episcleritis  does  not  cause  too  much  spontaneous 
pain,  thcaigh  there  is  always  more  or  less  tenderness  to  touch 
over  the  inflamed  i)atch.  Sometimes  a  dull  heavy  pain  is  com- 
plained of,  and  there  may  even  l)e  a  considerable  degree  of 
photophobia  and  lachryination.  It  is  a  common  enough  aft'ec- 
tion,  confined  almost  entirely  to  adults,  and  occurring  with 
etiual  frequency  in  botli  sexes. 
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The  iiitlammatioii  runs  a  very  chronic  course,  several  niontlis 
usually  elapsing  before  the  inHanied  patch  altogether  disappears. 
It  is  subject  both  to  exacerbation  from  time  to  time  during  its 
existence,  and  to  reeuiTence.  When  recurrence  takes  place, 
auother  similar  patcli  forms  at  some  other  part  of  the  episcleral 
tissue,  and  not  infrequently  a  second  patch  may  make  its 
appearance  before  the  first  has  entirely  disappeared.  The  most 
common  position  for  the  first  patch  seems  to  he  to  the  outer 
side  of  the  cornea,  but  it  may  be  anywhere.  Wlien  very  near 
the  cornea  some  infiltration  may  pass  into  that  meml)rane 
and  conset[uently  produce  an  opacity,  but  tliis  almost  always 
cleui*s  away  afterwards.  As  a  rule,  tlie  cornea  is  altogether 
una  fleeted. 

Episcleritis  is  a  decidedly  gouty  or  rheuiiialic  aflectiou, 
and,  so  far  as  my  experience  goes,  sucli  a  diathesis  is  the  only 
one  with  whicli  it  citn  be  connected.  Some  writers  consider 
it,  but  without,  1  think,  sufficient  reason,  a  manifestation  of 
syphilis. 

In  the  trcatmad  it  is  better  to  avoid  any  local  application : 
certainly  all  astringents  are  more  likely  to  do  liarm  than  good. 
Gentle  nuissage,  performed  by  rubbing  the  lid  rapidly  over  the 
inflamed  area  for  half  a  minute  to  a  minute  at  a  time, 
once  or  twice  a  day,  or  oftener  when  it  is  not  very  sensitive 
is  useful,  and  seems  to  promote  al>sorption  of  tlic  infiltra- 
tion. Salicylate  of  soda  may  be  given  internally,  In  the 
more  distinctly  gouty  ca.ses  colchicum  is  often  l>etter.  "When 
there  is  much  tendency  to  recurrence  the  patient  should 
be  sent  to  some  bath,  such  as  Harrogate,  Buxton,  or  Aix- 
les-Bains.  It  is  seldom  that  any  surgical  interference  is 
called  for,  and  nothing  sliould  be  tried  excei>t  in  cases  which 
are  very  chronic,  e.g.  when  the  first  patch  of  inllannnation 
remains  for  six  numths  or  more  without  any  improvement,  an<l 
lrt3comes  fre([uently  reinilamed  and  associated  with  corneal 
inlihration.  In  such  cases  I  have  had  excellent  results  from 
removing  a  portion  of  the  inHanied  tissue  right  up  to  tlie 
corneo-scleral  margin,  that  is,  by  performing  the  ojieration  of 
peritomy  or  syndectomy.  Incision  of  the  swollen  area,  when 
it  is  very  prominent,  and  scraping  out  of  its  conienls,  has  been 
recommended,  but  of  this  treatment  I  have  had  no  exj)ericnce. 


CHAPTER    IV. 

DISEASES   OF  THE  CORNEA. 
General  Kemarks  ox  Inflammation  of  the  Cornka. 

The  corneal  tissue  may  be  the  site  of  inflammatory  products, 
deriving  their  origin  from  a  focus  of  inflammation  which  is 
situated  either  in  tlie  cornea  itself,  or  in  some  other  part  of  the 
eye.      In   tlie  first   case  we  may  talk  of  a  primary  or  tnie 
keratitvi ;  in  the  second  there  is,  properly  speaking,  no  keratitis, 
but  merely  a  more  or  less  dense,  diffuse  infiltration  of  the  cornea, 
similar  in  every  way  to  tlie  hyi)erflemic  and  cedematous  area  of 
infiltration  which  surrounds  a  focus  of  inflammation  in  any 
other  part  of  tlie  body.     The  condition  is  one,  then,  of  secondary 
diffuse  infiltration  of  the  cornea;  secondary  as  distinguished  from 
a  similar  infiltrutiitn  surrounding  a  primary  inflammation  of  the 
cornea  ;  or,  shortly,  serondary  keratitis,  if  it  be  I'eniembered  that 
the  secondary  refci-s  to  tlie  focus  of  inflammation  being  else- 
where, and  not   to   the   time   at   which   the   corneal   changes 
become  manifested. 

The  division  of  corneal  inflanmiatory  changes  into  priman' 
and  sccmuhiry  ktM-atitis  is  the  most  important  classiflcation 
from  a  clinical  point  of  view. 

Primary  hratiiU,  cxce]>t  when  confined  to  the  epithelial 
layer,  is  mostly  associat<*d  with  some  degree  of  destruction  of  the 
corneal  tissue  at  the  focus  of  inflannnation,  and  the  loss  thus 
sustained  is  replaced  by  ni<ire  or  less  intransparent  connective 
tissue.  It  occ'Ui's  in  two  forms — as  an  infiltratioTi  or  a6s<r<S8,  and 
as  an  ulceration ;  that  is  to  siiy,  the  inflammatory  clianges  are 
either  surrouude<l  by  more  or  less  healthy  tissue,  or  have  led  to 
a  destruction  of  the  superficial  layers  of  the  cornea,  so  that  there 
is  an  open  sore. 

It  is  customary  to  distinguish  between  primary  infiltration 
and  abscess  of  the  cornea.     The  latter  is  said  to  exist  when  the 
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tfiltnitiou  is  purulent  and  destruction  of  tlie  tiRsueA  }i:is  tiiken 
ice.       It   is   nr»t  iilwnys   p<^i»3ible   Xa\   make   thia   (lisiinctioii 

iailly.     The  colour  of  a  corneal  infiltration  !lcj>enil.s  st»  niucli 

the  depth  at  which  it  lies  a«  well  a«  on  iUs  <lensily,  that  if 
le  were  to  jiulge  l»y  colour  alone,  one  would  fieiiuenlly  diii^ii»8e 

abscess  when  such  «hd  not  exist  in  the  unutoiaical  sense. 
le  degree  of  pain  is  also  a  very  uncertain  symptom,  as  great 
ifierenoos  exist  in  this  respect. 

Clinically,  then,  we  may  divide  primary  eonieiil  intlannua- 
nu  into  uicemfive  and  nen-ulcuratire.  The  non-ulcerative 
Frefpiently  Wcomes  eventually  nlt'enitive.  Both  foruiH  may 
\*o  fiiujif  or  w///^'/j/r,  Qreoniing  as  one  or  more  ffX'i  of  inHam- 
ination  are  present.  They  may  be  superficial  or  deep,  diffuse  or 
cmvA/«*v*//w/,  ftrsrti/tti'lsfd  or  non-rnivutlarlsfd ,  and  may  <ir  may 
not  I>e  complii.'ated  by  iuHammation  or  otiier  changes  of  any 
other  part  of  the  eye,  snch  a^  iritis,  scleritis,  or  any  ultenitions 
iti  the  c«inti'nt8  of  the  aqueous  <'1unu her,  such  as  the  presence 
of  pus  (hypopyon),  or  hltMMl  (hyphjema). 

An  nicer  of  the  cornea  may  exu*nd  either  in  depth  or  in 
hreudth,  or  in  l»oth.  When  extendiug  in  I>rcndth,  the  mar^g^i^ 
or  some  port-i«in  of  the  mai-gin,  is  nidged  ami  usually  visibly 
infiltrated,  and  the  base  covere<l  with  more  or  U«as  debria 
Sometimes,  and  this  is  more  esijeeiully  the  case  with  ulcers  neiir 
the  mai'giii  of  the  <-onieti,  a  numbi  r  of  contiguous  foci  itf 
inttammation  become  confluent,  and  give  rise  to  one  large 
ulceratiitn. 

When  healing  takes  pLice,  the  margin  of  an  idcer  becomes 
rounded  all  over,  owing  to  the  extension  over  it  of  an  e]}ithelial 
<-overing,  and  the  hiss  of  substjiuce  is  gnulually  repaired  by  the 
(levelopment  of  an  iulninsixirent  connective  tissue.  There  is 
thus  left  an  opileac^nt  or  white  o|MU'ity,  a  so-called  manda  or 
tubtda  of  the  cornea,  as  tlie  ivsult  of  the  cicatrisation.  An 
exceedingly  den.se  whil^?  t'icatrix  is  I'jdled  a  Icuatmn. 

A  nebula  of  tlie  cornea  does  not  clear  up  in  the  adidt,  but 
does  so  in  young  children,  and  the  UKu-e  readily,  the  younger 
the  subject.  The  cicatricial  tissue  of  which  they  are  constituted 
then  gradually  assumes  a  greater  and  greater  similarity  to  the 
healthy  tmnsparent  tissue.  Tud^T  the  most  fiivouiiible  cir- 
ciunstances,  viz.,  when  the  coineal  destruction  t4ikes  place  in 
faifaucj,  and  the  child  is  otherwise  healthy,  nil  but  the  most 
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extensive  and  deepest  ulcerations  may  in  this  way  eventuailv 
leave  no  trace  of  their  existence. 

An  ulcer  which  extends  in  depth  may  lead  to  perforation  of 
the  cornea.  Tliis  may  give  rise  to  further  complicAtioiis,  the 
nature  of  which  depends  on  the  situation  and  extent  of  the 
perforation.  If  small  and  central,  there  may  be  no  further 
c(  implications  tliaji  the  emptying  of  the  anterior  chamber, 
wiiereby  tlie  lens  conies  in  contact  with  the  posterior  surface 
of  the  cornea.  Wlien  the  lens  remains  long  in  this  position 
there  is  apt  to  be  set  up  a  proliferation  of  the  cells  lining  its 
anterior  capsule,  le^iding  to  what  is  called  anterior  capsular  t»r 
pyramidal  cataract.     When  the  central  perforation  is  large,  thf 


Fifl.  31. — Anterior  Hynechio. 

lens,  and  oven  more  or  less  of  the  vitreous  himior,  may  1h» 
expelled  througli  it.  Sometimes  a  perf<u*ation  at  the  centre  of 
the  cornea  remains  for  a  long  time  open,  constituting  what  is 
called  a  fistula  of  the  cornea.  When  a  perforation  occurs  more 
towards  the  nuirgin  of  tlie  cornea,  it  is  the  iris  which,  on  the 
escape  4>f  the  a([ueou.s  humor,  becomes  applied  t-o  the  pi^terior 
surface  of  the  cornea.  The  most  favourable  result  which  may 
f<»Uow  tliis  accident  is  for  the  iris  to  go  biick  into  its  proper 
position  on  the  re-establishment  of  the  anterior  cliamber.  Tliis 
luip[>ens  if  tiu;  perforation  is  small  and  rapidly  closed.  The 
portion  of  the  anterior  surface  of  tiie  iris,  which  at  the  time 
of   perforation    becomes    pressed   uj)   against   the    back   of    the 
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cornea,  may  form  a  permanent  fibrinous  adhesion  in  this 
situation,  and  thus  give  rise  to  what  is  cfilled  an  anterior 
synechia  (see  Fig.  31).  There  is  then  more  or  less  inter- 
ference with  the  free  movement  of  the  pupil,  which,  as  it 
dilates  less  in  one  or  more  directions  than  in  others,  loses  its 
circular  form  and  becomes  irregular  in  shape,  usually  oval  or 
^g-shaped.  In  the  case  of  larger  perforations,  the  iris  is 
entangled  in  the  corneal  opening,  and  more  or  less  of  it  may 
protrude  or  prolapse  externally.  The  iris  usually  tlien  becomes 
incorporated  in  the  cicatrix.  To  this  condition  the  name  of 
leucoma  adherens  is  given. 

Corneal  ulceration,  when  extensive  or  deep,  leads  also  to 


Fic.  32. — Large  staphyloma  of  cornea. 

alteration  in  the  curvature  of  the  cornea.  Such  an  alteration 
may  or  may  not  be  accompanied  by  more  or  less  marked  pro- 
trusion of  the  cicatrised  portion,  or  what  is  called  siaphi/loma  of 
the  cornea.  A  corneal  staphyloma  may  be  partial  or  complete, 
acconling  as  only  a  |>ortion  or  the  whole  of  the  cornea  is 
involved  in  the  protrusion. — (See  Figs.  32  and  33.)  The  most 
severe  cases  of  corneal  destruction  are  followed  by  disappearance 
of  the  cornea — pMhisis  corner.  Not  infreciuently  a  corneal 
inflammation  is  associated  with,  or  leads  to,  inflammation  of 
the  iris. 

The  principal  muaes  of  primnry  keratitis  are  traiunata, 
either  with  or  without  subsequent  sepsis,  struma,  and  extension 
of  conjunctival  inflammations.     Tiie  hom<igeueous  elastic  layer 
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of  Descemet,  wliich,  along  with  its  layer  of  epithelium,  bounds 
the  true  corneal  tissue  posteriorly,  does  not  undergo  inflam- 
matory cliange.  Wlien  perforation  takes  place  after  there  has 
l>een  an  idcerative  destruction  extending  through  the  whole 
depth  (^f  the  superficial  layei*s,  it  is  owing  to  the  bursting  of 
this  membrane,  wliieh  may  for  some  time  previously  have  been 
protruded  into  the  ulcer,  giving  rise  to  the  condition  known  as 
kcratocde.  Any  sudden  strain,  such  as  may  be  caused  by 
cougliing  or  sneezing,  leads  to  the  rupture,  which  often  occurs 
with  some  violence,  tlie  aqueous  Immor  being  squirted  out 
tlirough  the  opening.  The  sudden  relief  of  tension  caused  by 
the  evacuation  of  the  anterior  chamber  is  not  followed  by  any 
serious  consequences  if  the  deeper  tissues  of  the  eye  be  healthy. 
After  perforation  tliere  is  usually  observed  a  great  tendency  W 
healing,  a  fact  which  it  is  sometimes  advisable  to  take  advaut^ 
of  by  performing  paracentesis  of  the  cornea  through  the  base  of 
the  ulcer. 

Tlie  treatment  applicable  for  most  cases  of  keratitis  consists 
in  keeping  the  cornea  as  free  as  possible  from  external  sources 
of  irritation.  Strong  light  should' be  avoided  by  the  use  of  a 
shade  covering  both  eyes,  or  a  pair  of  smoked-glass  spectaele& 
The  patient  should  not  be  allowed  to  read  or  use  the  eyes  much 
for  any  work  near  at  hand.  He  should  lie  protected  from  dust, 
smoke,  or  close  atmosphere  of  any  kind.  Weak  antiseptic 
lotions,  preferably  of  corrosive  sublimate  (1  in  5000)  or  boracic 
acid  (1  in  50)  may  be  used  frecjuently  to  bathe  the  eyes  with. 
I'oulticing  should,  as  a  rule,  be  avoided,  althougli  in  some  cases 
warm  antiseptic  fomentations  are  comforting.  When  there  is 
nuich  injection  and  photophobia  the  pupil  should  be  kept 
dilated  with  atropine,  in  order  to  avert  any  complication  with 
iritis,  or  to  render  the  consequences  of  such  a  complication 
less  serious  than  tliey  might  otherwise  be.  Some  forms  of 
ulceration,  ni(tre  particularly  the  sluggish  non-vascularised 
forms,  appear  t(t  heal  more  rapidly  when  eserine  drops  (2  grs. 
of  tlie  sulphate  to  si.)  are  used  tliree  or  four  tuues  daily. 
Strum<ms  affections  of  the  cornea  are  much  benefited  by 
stimulation  with  yellow  oxide  of  mercury  ointment. 

As  a  general  rule,  and  unless  the  ulcerations  be  very 
deep  or  very  extensive,  so  that  tliere  is  <langer  of  perfora- 
tion, or  unless   the   movements   of   the  lid  evidently  produce 
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Lrritation,  it  is  better  not  to  tie  up  the  eye,  as  more  hann  is 
done  by  tlie  retention  of  the  secretions  and  tears  than  by  free 
exposure  to  the  air. 

When    the   scar    which    remains    after    healing    is    dense 
and    situated   in   front  of    the   pupil,   vision   may   sometimes 
be    greatly   improved   by   the   performance   of   an  iridectomy. 
The     most     favourable    situation    for    an    artificial    pupil    is 
inwartls,  or   inwards   and   downwards,  but  it  should  be  made 
opposite   that   portion   of    the    cornea   which    is   most   trans- 
parent, and  at  the  same   time  legist  altered  in  its  curvature. 
Before  performing  the  operation,  the  cornea  shoidd  therefore 
be     carefully   examined    by   oblique    illumination,    and    with 
Placido's  or  other  similar  keratoscope.      Owing  to  the  extent 
to  which  some  opacities   clear   up,  it  is  not  advisable  to  per- 
form iridectomy,  for  merely  optical  reasons,  too  siton.     A  little 
practice   enables   us   to   determine  what   pirt   of   tlie    nebida 
remaining  is  likely  to  clear.      That  porti(m  which  is  densely 
white   and  sharply  defined  will,   except  in   the  case   of   very 
young  children,  always   remain ;   but   the  more   diliuse  area, 
which   at   first  generally  surrounds  this,  and  which  does  not 
correspond  to  the  portion  in  which  there  has  been  any  actual 
destruction  of  tissue,  is  likely  to  clear  away.     "When  this  lies 
over  the  pupil  then,  it  often  happens  that  the  eventual  acuity  of 
vision  is  found  to  be  ratlier  less  than  it  would  otherwise  have 
been  if  an  iridectomy  had  not  been  performed.     In  any  case, 
even  when  one  has  to  do  with  a  permanent  opacity,  it  may  be 
taken  as  a  good  practical  rule  that  iridectomy  slioidd  not  be 
performed  unless  the  vision  is  less  tlian  ^-/u.     An  iridectomy, 
performed    for    optical    purposes,   should   be   small,  and    the 
incision  shoidd  be  made  as  a  rule  at  the  corneo-sclenil  margin. 

Something  may  often  be  d<me  to  promote  the  disappearance 
of  nebulae,  more  especially  when  they  are  the  result  of  tolerably 
superficial  inflammations.  Either  massage  alone  —  tliat  is, 
rapidly  rubbing  the  lid  over  the  eye  for  half  a  miimte  at  a 
time,  two  or  three  times  daily,  or  that,  combined  with  yellow 
oxide  of  mercury  (Pagenstecher's)  ointment,  is  useful  in  this 
respect.  Another  plan  is  to  drop  into  the  eye  daily,  or  once 
every  second  day,  a  drop  or  two  of  turpentine,  or  turpentine 
combined  with  an  equal  amount  or  more  of  olive  oil.  Such 
stimulating  treatment  sliould  not  be  begun  too  soon,  and  stiould 


122  DISEASES  OF  THE  CORNEA. 


\ 


be  stopped  \vlu>ii  it  produces  much  irritation,  as  there  is  sane 
tendoucy  for  fresh  infiltrati(»n8  to  take  place  in,  or  in  tk 
imuiethate  neighlxmrhood  of,  old  ciciitrices. 

\Vhen  there  is  n  stiiphylomatous  protrusion  of  the  scar,i 
t^ood-Hi/,(Hl  irideetouiy  shoidd  be  perfonued,  and  in  such  a  situ*- 
tion  as  to  free,  if  necessary,  any  dmj^ing  ou  the  iris  (see  Fig.  '^\ 
Tlie  result  of  iridectomy  performed  for  this  purp<:»se  is  often  irn^ 
SJitisfactory.  The  dragging  on  the  iris  leads  apparently  to  in- 
crea^sed  secretion  of  the  tiuids  witliin  the  eye,  and  consequently 
to  a  rise  in  the  tension  of  t!ie  eye,  \vhie!i  the  more  or  less  weak 
cicatricial  tissue  is  unable  to  withstand.     Iridectomy  used  also  to 


Y\v..  :J3. — Ciu^e  of  partial  central  staphyloma  of  cornea,  for  which 
iridectomy  has  been  performed. 

l)c  ])crfonncd  for  cases  of  anterior  synecliia  wiiich  were  unaccom- 
panied Ity  any  staphyloniatous  protrusion  of  the  corneal  cicatrix. 
ItHi  was  supi)os('d  that  tlic  anterior  synechia  entailed  a  risk  of 
synii)athetic  inHainiuatii»n  frou)  irritation,  wliich  might  at  any 
lime  I>c  set  up,  owing  to  dragging  (mi  tlie  iris.  As  a  matter  of 
fact,  however,  tlie  risks  of  synipatlictic  inHannnaticm  are  increased 
instead  of  diminished  by  iridectomy.  Such  an  accident  is  not 
only  extremely  raic  in  the  case  of  a  sini})le  anterior  synechia,  but 
only  occurs  at  all  if,  for  some  cause  or  other,  a  septic  infiltration 
«)f  the  scar  takes  phice.  Xo  doubt  tlie  dmgging  on  the  iris 
sometimes  does  set  up  irritation,  but  even  this  is,  comparatively 
si>eakiug.  an  excej>tional   result.      The  proper  treatment  is  to 
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eave  the  eye  aloue,  and  only  interfere  if  there  be  irritation.  A 
louble  iridectomy,  freeing  the  iris  on  either  side  of  the  adherent 
portion,  should  then  be  perfoi-nied.  Bt»th  may  Ite  dttne  at  the 
same  time  without  difficulty.  Attempts  at  detaching  the  ad- 
hesion by  any  operation  shoiUd  not  be  made.  They  are  rarely,  if 
ever,  8atisfactor)^ 

Larger  staphylomata  may  be  reduced  in  size  by  any  of  the 

openitions  described  in  the  cliapter  on  Operations.     Tliere  is 

some  risk  of  setting  up  a  prohmged  irritation  or  inilanmiation 

"by     such     operations,    which    at    the    same    time    introduce 

the   possibility  of  sympathetic  inflammation  in  the  other  eye. 

Unless  very  unsightly,  a  total  or  nearly  total  staphyloma    is 

therefore  best  left  alone.     When  protruding  between  the  li<ls 

and  painful,  evisceration  or  enucleation  should  be  i>erformed  in 

preference  U)  otiier   less  severe    measuivs,  but  as  long  as  the 

tension  remains  high  there  is  hardly  any,  if  any,  danger  of 

synipithetic  inflammation. 

Leucomata  may  be  rendered  less  unsiglitly  by  being  tattooed 
Sometimes,  too,  when  the  cicatrix  in  the  cornea  covering  the 
normal  pupil  is  not  very  dense,  the  effect  oi  an  iridectomy  is 
increased  by  this  oi>eration.  The  vision  is  thereby  increased  in 
acuity,  being  hamperetl  by  light  scattered  by  the  corneal  opacity. 
Careful  tattooing,  without  iridectomy,  sometimes  leads  to  very 
considerable  improvement  of  vision  in  cases  where  the  wliole 
pupil  is  not  covered  by  cicatrised  cornea. 

Special  Forms  of  Primary  Keratitis. 

Phlyctenular  Keratitis. — This  vers*  connnon  aflection  is 
not  properly  characterised  by  the  name  whicli  it  most  frequently 
gets.  But  as  it  is  the  process  in  tlie  cornea  which  corre8|>onds 
to  phlyctenular  conjunctivitis,  with  whicli  it  is  very  frequently 
itssociated,  there  seems  no  reason  to  prefer  sucli  names  as 
scrofulous  or  l}TUiphatic  keratitis,  or  herpes,  or  eczema  of  the 
cornea,  which  have  been  by  simie  substituted  for  it. 

Phlyctenular  keratitis  occurs  in  the  form  of  single  or  nuil- 
tiple,  small,  superficial,  and,  at  first,  usually  non-vascularised, 
infiltrations  of  the  cornea.  The  size  of  these  infiltnitions  is 
rarely  more  than  a  pin's-head.  They  are  of  a  greyish  colour, 
and    slightly   prominent.      Frequently  they  break   down   into 
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small  ulcers,  which  do  not  as  a  nile  exhibit  any  tendency  to 
spread  either  superficially  or  in  depth,  but  which  frequently 
l>ec(nne  vasculaiised.  A  slight  nebulous  spot  remains  for  some 
time  after  healing  has  taken  place,  but  eventually  disappeui 
entirely.  Sometimes  the  little  infiltrations  are  decidedly  yeikw 
or  purulent,  and  break  down  into  ulcers,  which  lead  to  destnic- 
tion  of  some  of  the  true  corneal  tissue,  and  therefore  to 
more  permanent  nebulai'.  A  certain,  and  often  considenl^ 
amount  of  pinkisli  circmneorneal  injection  is  met  with  in  this 
afibctif>n,  and  there  is  at  the  same  time  almost  invariably  a  good 
deal  of  lachrymation  and  photophobia.  The  photophobia  is  ofta 
HO  intense  in  children  as  to  lead  to  most  persistent  blepharo- 
spasm. The  moat  c(mmion  cause  of  phlyctenular  keratitis  is 
struma,  but  it  is  often  met  with  w^here  there  exists  some  con- 
stitutional depression  not  necessarily  of  a  strumous  nature,  snch 
as  weiikness  after  exhausting  illnesses,  measles,  sc-arlet  fever,  &c. 
In  strumous  children  it  is  very  apt  to  recur  once  a  year  or 
oftener  for  some  time.  Altogether  the  affection  is  much  more 
common  in  cliildren  than  in  adults,  and  usually,  when  met 
with  in  athilts,  there  is  a  history  of  previous  attacks  in 
cliildhood. 

Except  in  more  markedly  purulent  case^,  the  treatment, 
in  children  at  least,  should  consist  mainly  in  the  local  appli- 
cation once  daily  of  the  yellow  oxide  of  mercury  ointment 
(Pagenstecher's)  of  the  strength  of  8  grs.  of  the  yellow  oxide 
to  5i.  of  unguentum  cetacei,  to  wliich  a  few  drops  of  olive  oil 
may  be  added  to  keep  it  from  becoming  hard.  The  spermaceti 
is  better  tlian  vaseline,  which  sometimes  irritates.  This  oint- 
ment is  certainly  better  than  any  other  form  of  mercurial 
prepanition.  Wliethcr  tliis  is  owing  to  its  stimulant  or  ilfi 
antiseptic  properties,  or  to  some  otiier  cause,  is  not  very 
evident.  Adults  do  not  tolemte  it  so  well  as  childrea 
They  rerjuire  altogether  less  stimulating  local  treatment: 
atropine,  cocaine,  and  weak  antiseptic  applications,  such  as  a 
2  per  cent,  boracic  loti(»n,  or  a  lotion  of  corrosive  sublimate,  1 
in  5,000  or  10,000.  Tlie  internal  a»lministration  of  cod  liver  uil 
is  of  great  service  in  children.  Attention  should  also  be  given 
to  keeping  tlie  skin  clean.  Fctr  adults,  quinine,  or,  in  the 
strumous,  the  syrup  of  the  iodide  of  inm,  ai-e  indicated.  Tying 
up  the  eye  is  not  <tnly  unnecesstiry,  but  does  harm,  partly  on 
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Uicount  of  encoun^ing  the  photophobia,  and  piirtly  owing  to 
^e  poulticing  action  which  is  apt  to  be  caused  by  the  bandage 
>r  cloth  when  saturated  with  the  tears  which  are  usually  copious 
XL  this  affection.  At  most  a  shade  may  be  allowed  <»ii  account 
>f  the  photophobia,  but  it  is  better  as  a  rule  to  try  in  every  way 
bo  combat  this  condition. 

The  photophobia  is  sometimes  so  severe,  and  at  the  same 

time  so  out  of  keeping  apparently  with  the  actual  severity  of  the 

mflammation,  that  it  must  be  looked  upon  more  as  an  induced 

neurosis  which  calls  for  special  treatment.    Cocaine  and  atropine 

are   useful  as  anodynes,  and  in  cases  where  the  blepharospasm  is 

very  marked  and  prolonged,  division  of  the  outer  canthus  may 

be   practised.     In  children  the  plunging  of  the  head  into  cold 

iwrater    has  often  a  marvellous  effect,  especially  if  it  l»e  held 

sufficiently  long   in   the  water  to  give  rise  to  a  gasping  for 

breath.     Counter-irritation,  either  by  blist-ers  or  setons  in  the 

temples,  or  by  the  application  of  nitrate  of  sOver  to  the  skin  of 

the  upper  lids,  is  unnecessarily  severe,  and  at  the  same  time  not 

often  a  very  successful  treatment,  tliough  still  api>arently  pretty 

much  used. 

Fascicular  Keratitis. — Closely  allied  to  phlyctenular  kera- 
titis etiologically,  and  indeed  often  occurring  alc>ng  with  it,  but 
constituting  a  distinct  clinical  type  of  corneal  inHammation,  is 
what  is  called  fascicular  keratitis.  This  is  a  viiscularised  infil- 
tration, the  vessels  iu  which  run  parallel  to  each  other,  so  as  to 
form  a  dense  band  or  fasciculus  about  a  line  in  breadth  .stretcfi- 
ing  int<^»  the  cornea  (see  Fig.  34).  At  the  end  of  tlic  vascular 
leash  the  infiltration  is  somewhat  more  or  less  crescentic  in 
shape,  and  often  ulcerated.  Occasionally  two  or  mon;  (»f  such 
infiltrations  are  to  be  seen  stretching  in  towards  the  centre  of 
the  cornea,  and  although  most  commonly  the  course  tiiken  is  a 
straight  one  throughout,  there  is  sometimes  a  more  or  U'ss 
de<?ided  bend  made.  When  devascularised,  a  nebulous  streak  is 
left,  which  very  slowly  clears  away,  and  is  always  most  dense 
and  persistent  at  the  end  farthest  into  the  cornea.  This 
portion  often  remains  indeed  a  permanent  oi)acity.  'The 
accompanying  symptoms — circumcomeal  injection,  photophobia, 
and  lachrymatiou — are  the  same,  and  exliibit  mucli  the  same 
differences  in  intensity  as  in  the  case  t>f  phlyctenular  keratitis. 
The  affection  is  mostly  strumous,  and  almost  entirely  confined  to 
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children.  Tlie  trtaimtnt  is  the  same  as  for  phlyctenular  ker, 
nnly  ill  the^e  cases  Pagenatecher  s  oiutmeut  is  even  nidrt- 
uble,  ami  Hohloni  fails  ti)  arn^Ht  tlie  pmgivss  (»f  the  inllaiuiii. 
in  a  feiv  days.  It  causes  tin<C  of  all  a  ^nidiiul  disiipftettmu 
the  liand  of  vessels,  and  subMeipieutly  promotes  al  fw^rptiou  n 
iuhlti-jUin^j;  cells.  It  is  inipnrUiiit  to  ch*K'k  the  progrt^sa  I 
the  C4*ntre  of  the  cornea  is  readied,  as  the  opacity  left 
coui*se  of  uinc!i  ini»re  senons  couseiiuence  if  sftuAted  diro<M 
front  of  tlie  pupil.  In  the  rare  cases  in  wliich  the  jvllow  - 
of  mercury  is  not  elficucious,  an  attem]»t  luay  be  nmde  to  ;; 
fere  >\Tth  the  source  of  bhtod  supply,  by  i-emnvin^j  a  pin 
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Flo.  34. — FniMMciilAr  keratitis. 


conjunctiva,  fir  by  cauterisiniz  the   conjunctiva  at   the   point] 
where  the  vessels  take  tlieir  origin.    Tliis  treatment  is  in  geuei 
to  Ik3  avoided,  however.     "Wliere,  at  the  time  the  eus<^  eom»isl 
under  oWuvation,  tiie  jwution  nf  tjie  intiltnition  at  the  end  U 
the  fascienluB  of  vessels  shoultl  hap]x?n  to  occupy  just  the  reni 
of  the  cornea,  it  in  lustier  to  iillow  it  to  U*  jiushed,  as  it  were, 
little   further    before  tryin*;  to  check    it,  s*)  as  to  allow  thaj 
pupillary  area  to  be  occupied  by  a  vascularisetl  portitm,  wliieh 
more  conipletely  a)iS4»rln'd,  and  therefore  does  not  eventnallj 
interfere  so  much  witli  vision. 

PanNUS. — This  cemsists  for  the  im«t  jMirt  of  a  <levelopuivn8j 
of  new  vessels  in   thf  superficial  layers  of   the   cornea. 


PANNUS. 
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vessels  spring  from  those  of  the  conjunctiva,  and  course  im- 
mediately below  as  well  as  alx)ve  Bowman's  niumbrane.  At 
fthe  same  time  there  ia  more  or  less  irregularity  of  the  corneal 
epithelixim  over  the  vasculariseil  portion,  ami  some  tlittuse  intil- 
'tratioa  into  the  tissues  occupied  by  tlie  newly  fnmied  vesscla 
There  are  great  ilifferences  both  in  the  extent  and  intensity  *tf 
"^e  vascularised  area.  When  very  dense  the  ctimea  assumes 
<^uite  a  raw  fleshy  appearance,  a  condititm  known,  therefore,  as 
jpannu^  crassus. 

Pauuus  occurs  principally  in  connecti<»n  with  tnichoma  (see 


Fig.  35. — Old  standing  trac-homa  and  panniM. 

Fijr.  35)  and  long-continued  strumous  infiltratinns  of  tlie  cornea. 
AVe  may  therefore  distinguish  a  frachomaioi/s  ;w>un/.s'  and  a 
atrttmou^  pnnnus.  Trachomatous  [xinnus  is  apparently  dm*  to 
an  extension  of  the  granular  inflammation  from  tlie  crinjunetiva 
to  the  cornea.  In  many  cases,  where  tlie  fznuiulations  are 
massive,  there  is  found  to  l)e  no  |>annus,  while  in  others  a;:ain, 
a  marked  degree  of  paunus  is  ass<K'iated  with  coiiij«ii-ativ*'ly 
slight  alterations  in  the  palpebml  conjunctiva.  This  dispro- 
portion between  the  condition  of  tlie  conJun<*tiva  and  cornea  in 
diffei*ent  cases  shows  that  tlie  latter  is  not  the  re.sult  of  friction, 
though  this  connection  is  of  ten  assumed  froni  tlie  fact  that  the 
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piinims  often  occupies  only  the  upper  portion  of  the  Ciirnei] 
exU'iuiinjj  over  an  area  coiTespoutling  io  tliat  covered  by 
tippiT  lirl  One  frci|iK'iUly  kcl»s  u  panuus  ull  at  ouce  set  q{ 
{Lliin*»  witli  an  acute  exucerlwtion  in  the  conjunctiva,  in  caNAJ 
whi<;h  \m\tt  long  remained  five  from  crmieal  comphi-aliui 
In  sjninfi  cntarrh,  too,  in  which  the  roughness  of  the  conjunc- 
tival surface  may  attiiin  a  degrt^e  mivly  if  ever  seen  in  traclin 
there  is  never  any  ]>anuua  Strunioua  |mnntm  is  more  frequoil 
in  young  adults  than  in  children.  It  is  always  a  very  clinmii)] 
affection.  Sipitictinies  the  inHltraliojis  extend  in  depth,  lull 
herrmie  purident-.  Ifviding  eventually  ti»  actual  |>erft>ta.tion  of 
ci>ruea.  The  mmcity  pnxluceil  by  pauuus  may,  iu  eouree 
time,  <iiKa]i|i('iir  under  treutnient.  the  vessels  lK?conjin^  fint 
attcuunteil  and  lesti  numerfnis.  L_»nj<-cimtinucMl  c.use«  tifica 
result  iu  a  hupelesa  opacity  from  a  kind  of  cicatricial  orgaaia- 
tiou  of  the  infiltrated  eells.  Some  apiin  lead  to  alt<*mtiiiri  in 
the  shai>e  of  the  cornea,  deej^eniug  of  the  anterior  chamber,  antl 
eventually  also  to  changes  in  the  iris,  with  secondary  glauavnut 
An  indication  of  the  ]trescnce  (tf  sucli  deeper  comidicatious  i< 
often  allorded  by  a  marked  iutolenince  to  tlie  usual  local  ajipli- 
cations.  Iu  other  cases,  perforation,  followed  usually  by  mow 
or  less  shrinking  of  the  eye,  may  take  place. 

The  ircatuivnt  of  trachomatous  pannus  mainly  consists  in 
treating  the  conjunctival  afleetion      The  strumous  form  is  bcffl 
treated,  nnles.s  it  has  gone  tm  to  ulceration,  with  ragenstecher> 
ointment  and  massage  in  the  siiape  of  friction  through  tJic  lid. 
along  with  suitable  general  treatment.      Vei*y  long-continimi 
dense  cases  )ff  pannus  may  snuietimes  be  caiised  to  cleiir  up  bv 
inducing  a   ptnnlent   intlarnniation   of    the  conjimctiva.      Tlvis 
may   be  done  either  by  inoculating  with  pus  from  a  case  of 
gonorrhoMl  ophthidniia,  or  by   bathing   the   eye  several   tiuirti 
witli  an  infusion  of  jequirity.     Both  methods  aiv  somewlial 
heroic,  as  they  are  not  without  danger  of  producing  very  sevei 
ulceration,  perforation,   and    laws   of    the    whole   corneA-      Tli 
jequirity  iiiHaninnitiou  was  suiiposed.  when  Hrst  employed  somi 
years  ago,  to  be  capable  of  l)eiug  nmtliticd  at  will  by  the  strei 
of  the  infTision  or  the  nundter  nf  the  apidicatiiins.     This  hi 
however,  prnvcd  to  be  imp^^^^.sible,  an<l   it    is   now   rarely   us 
As  t-o  inoculation,  it  seems  hardly  justiHable  to  practise  it,  cxcej 
iu  cases  where  the  pannus  exists  in  great  density  iu  both  eyi 
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Many  cases  are  much  benefited  by  the  operation  of  carUhoplaMy 
for  the  enlargemeitt  of  the  lid  aperture. 

A  form  of  extremely  chronic  and  densely  vascularised  in- 
filtration, not  unlike  pannus,  is  occasionally  met  with.  The 
infiltration  does  not  stretch  for  more  than  two  to  three  mm. 
into  the  cornea,  and  is  usually  sjTimietrical.  The  etiolt^  of 
this  form  of  iutlammation  is  not  very  clear.  It  is  most  commonly 
the  upper  margin  of  the  cornea  which  becomes  invaded,  although 
sometimes  the  lower  one  as  welL  A  dense  nebula  is  left,  and 
not  infrequently  a  pretty  regular  astigmatism  due  to  alterations 
in  the  curvature  of  the  cornea.  Cases  which  resist  milder  treat- 
ment are  often  improved  by  peritomy. 

Hypopyon  Keratitis. — A  good  many  deep-seated  abscesses 
of  the  cornea  are  associated  with  hypopyon,  or  a  deposition  of 
pus  in  the  anterior  chamber.  Not  infrequently  this  complica- 
tion is  met  with  in  the  more  severe  cases  of  strumous  corneal 
inflammation,  which  occur  mostly  in  children.  Great  differences 
exist  in  the  density  of  the  hypopyon ;  when  very  thick  and 
fibrinous,  it  may  not  fall  down  to  the  bottom  of  the  chamber, 
bait  remain  sticking  to  the  anterior  surface  of  the  cornea.  Often, 
when  this  is  the  case,  it  is  somewiiat  difficult  to  satisfy  one's- 
self  that  the  pus  really  lies  in  the  chamber  and  not  in  the 
cornea  The  name  miip:  has  been  applied  to  cases  of  supposed 
bagging  of  pus  within  the  cornea  below*  an  abscess.  Such  a 
condition,  though  often  described  and  figured  in  text-books,  has 
no  real  existence.  The  api>earance  which  has  given  rise  to  the 
term  is  always  due  to  a  deposition  of  pus  in  the  anterior 
chamber,  though  from  the  fibrinous  nature  of  the  pus,  it  may 
not  have  fallen  to  tlie  botti»m  of  the  chamber  as  is  most 
conmion. 

A  ver}'  distinct  clinical  fonn  of  infiammation  of  the  cornea 
is  what  is  usually  in  this  country  specially  under8trj<M_l  by  the 
term  hypopyon  keraiitis,  owing  to  its  always  being  complicated 
with  the  appearance  of  pus  in  the  anterior  cliamljer.  This 
affection  occurs  as  an  ulcer,  one  part  of  the  irregidar  margin  of 
which  is  densely  infiltrated  with  pus.  The  cliaracteristic  feature 
of  the  ulcer  is  that  it  extends  in  the  direction  of  tliis  infiltnited 
mai^n,  for  which  reason  it  has  received  the  name,  more  expres- 
sive of  its  serpiginous  nature,  of  ulcus  cornea'  aeriteu.'i  (see  Fig. 
36).  The  origin  of  this  form  of  keratitis  is  in  almost  all  cases  a 
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tmiuua,  which  has  been  fnlhiwed  by  an  iiiriciilution  f)f  piiB  from 
a  previously  existing  dacryocystitis  or  chronic  cunjunemitii 
Those  whose  (Xicuputions  cause  their  eyes  to  be  subjected  Ut 
coutiniuil  initaLinii,  hh  wt^ll  ^is  ncwisionul  injuries,  are  most 
liable  t**  contract  tliis  intlauuiiatioD.  Stouenjasons,  as  weU  as 
farm  labourers  and  citlliers,  are  amongst  the  class  of  poplein 
wlioin  it  is  mostly  foitnd.  It  has  now  been  iletinitely  estabb^hed 
that  the  intlamniatiou  is  of  a  septic  natiin*,  and  utustifl  by  ibe 
pH'sence  of  germs  which  exist  in  t!ie  discharges  from  chronicftliv 
inflamed  mucous  surfaces     As  the  ulcer  extends,  more  and  more 
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Fig.  36, — Hypopyon  kermtitiit. 


pus  Incomes  deposited  in  the  luUerior  chamber.  Althon^ 
absorption  of  the  jius  no  doubt  constantly  goes  on,  yet.  ii£  long 
as  there  is  any  active  intinmmation  in  the  cornea,  it  is  mon 
rapidly  formed  than  absorbed.  Increase  in  the  amount  of  the 
hypopyon  is  therefore  a  ccrtiiin  evidence  of  progress  in  the  pn»- 
cess  of  destruction  in  the  cornea.  As  long  too  as  the  yelkwT 
margin  of  intiltration  exists  in  tlie  eorneji,  we  may  l»e  sure  tliat 
extensitm  ia  taking  ]tlace.  The  natural  course  of  the  intlanmia- 
tion  is  for  the  nlcemtion  to  go  on  spreading,  imtil  the  whole  of 
the  cornea   in   the  dii*ection    of  the  creejiing  intiltnition  hw 
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involved,  nnd  ms  tin's  often  tukea  place  in  two  or  more 
•^  .  BeUiom  in  all  at  the  same  time,  it  is  uot  an  uncommon 

li;-:^  .   -  the  wliiilf  ctiruejL  U>  be  ulccmlt'd. 

TTie  exact  origin  of  the  pus  in  tlie  anterior  cliamber  is  a  (lis- 
puttn!  priiut,  as  IIhtl*  is  often  no  upjiartMit  L'onnet'iiou  lietween  it 
aixl  thf  iik*er.  Imt  there  can  be  no  doubt,  from  the  intimate 
oonnection  which  exists  between  the  spreading  of  the  ulceration 
and  iheamuUTit  of  the  hypopyon,  that  it  is  derived  directly  from 
lh«r  iDfl&me<l  cornea ;  and  in  fact,  in  some  cases,  there  is  no 
difficaltr,  when  it  is  more  than  usually  fibrinous,  in  seeing  it 
OStetldtng  fnjui  the  jMist^^rior  surface  nf  the  cornea  to  the  bottom 
of  the  chamber,  and  almost,  as  it  wei"e.  trickling  down.  It  is  mi 
lUmbi  carrieil  alouj;;  the  lymph  channels,  which  appear  to  open 
into  tli«*  clmralier  towards  the  centre  of  the  posterior  surfatu*  (tf 
the  corueA.  On  oblique  illumination,  tiio,  tliese  channels  can 
frvqurntly  be  seen  tf>  be  choke<i,  and  ap[>ear  as  line  radiatiti>^ 
grejrish  striae  surrounding  the  i)ortion  of  cornea  involved.  The 
oonpheattions  of  hy^Hipyon  keiiititis  are  those  already  described 
as  met  witli  in  connection  with  severe  ulceration,  thougli,  owing 
to  the  ^rrwiier  tendency  t*»  superficial  as  com]mred  with  deep 
spnsatlint;.  the  nKire  serious  com ]>licat Ions  are  not  very  fre- 
tjuenL 

The  tnatmrnt  sliould  be  directe«l  to  first  destroying  the  area 
<if  infiltration  and  then  appljing  antiseptics.  The  most  con- 
Tcnient,  as  well  as  the  most  efticient  way  in  which  the  fii'st 
I  is  complied  with,  is  to  cjirefully  bum  down  the  mar- 
inition  with  the  actual  cautery,  w hie!  1  was  first  recom- 

iiicd  for  this  purpose  by  Martinache  of  S*in  Francisco,  either 
the  thermo-  or  galvaao-cuuten'.     AVhen  such  is  not  at  hand, 

tt]ct*r  may  W  stamped  down  and  then  cauterised  by  a]>plying 
«  solution  of  nitrate  of  silver  (10-20  grs.  to  jL)  directly  to  its 
Both     these    fij>erat.ions    can    be    perfonned    pain- 

\y  with  the  itid  of  ci>caine.  Sulise(|Uenlly  frequent  Uitliing 
**f  the  eye  with  a  solution  of  coiTosive  sublimate  (1  in  5000), 
foUowwl  by  tlu^  smKtring  int^i  the  eye  of  an  ointment  of  one 
j^Tt  *4  i«^M|(>fonn  to  ten  of  vaseline,  is  very  useful.  If  the  cauter- 
i-  I  lefully  [Kjrfonaed — that  is,  if  u.11  the  intiltmted  margins 

br-  ..ij.  j.illy  burnt  down — it  is  seldtmi  that  the  proc4*fis  is  not 
kim»tc<l,  iJtht>ugh  it  occasionally  has  to  Ix)  repeated  whenever 
«nj  little  inliltnttion  makes  it  a])|>e;iranee.     Those  who  do  not 
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Huwoetl  with  this  treatment  fail  from  not  cauterising  suffidenllt 
deeply,  or  from  not  i*e)H*Hting  it  on  the  tirst  indication  of  my 
spreading  t»f  the  iniiltniLiim.  It  is  rmv  thut  a  more  severe  but 
very  Rucce«aful  treatment,  wliich  goes  by  tlie  name  ctf  Saejuiach'si 
section,  has  ti»  Ue  resintfr>d  t(».  The  method  of  p^rftirmiu;? 
is  dest'rihed  in  the  ehaj»ter  on  0]K»niti(nis. 

If  tlie  idcer  luw  been  eentml,  jw  is  often  the  case,  it  is  nei>-- 
suhKwjuently  to  perforin  iriiJeetomy,  so  jw  to  displace  tlie  |-.j.u 
t*3  opjjoaito  a  clear  ]>ortion  of  tlie  eoniett.  In  most  cases  it  is 
advisiililt'  at  tlie  same  time  tn  treat  the  tear-sac  in  the  mKiiiit^r 
alreutiy  ilescribed.  Owing  to  the  tendency  to  iritis,  it  is  well  Ui 
keep  tlu'  ]uipil  dilated,  nntil  the  healing  piiK-ess  ha£  advtutced 
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FlO.  37. — Dcndrifonn  kcnktiiin. 

to  such  a  stage  tluit  tiicre  is  no  further  danger  of  such  a  com- 
plication. 

Dendkii-'ohm  (Mycotic)  Kekatitis. — Another  form  of  kem- 
titis.  which  there  is  every  reason  to  look  upon  as  being 
caused  by  some  particular  microbe,  has  only  lately  receavi 
attention  sinoe  it  was  described  by  Hansen  Grut.     The  <'liani& 
teristic  of  tliis  iuHainmation   ik  a  great  tendency  to  a  kind 
ramifying  superficial  extension  (see  Fig.  37).     It  is  a  very  chi 
nlTer'tiftn.  and  i\\v  Mnioimt  of  irdilliation  surrounding  the  ulo* 
uted  rills  whiuh  it  forms  is  hh  slight  i\^  to  rmder  the  jH'culiHn! 
(►f  its  propagation  liable  to  eseai>e  detection,  unless  a  prop 
examination  b*-  mailr  byoldii|nr  illnniination.     The  ]min  csua* 
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Ur  tht»  iiitliuumatum  is  alieht.  thuufjili  sutticieut  in  give  ris^  Xa\ 
inmo  diacomfnrt  mid  |>h()t'(>]ilinl)iit. 

Whrti  uncfimplicHttnt  tliis  form  of  keratitis  is  alwayfi  super- 
Hrial  aud  not  H(T'mi|Hiiiit'tl  by  Iiypniiyon.  In  nut  u  ft*w  cases, 
hiiwever,  wliit.h  l»e^n  in  tins  WHy,  and  nn  iloubt  as  U»e  result  of 
in«jrtiLition  with  more  active  niiL'n»-tuvaniHni8,  u  Berpiginous 
Uypfipyon  tiUer  may  make  it«  fli>i>e4irrtnce.  Tlie  (•aiise  is  not 
lowiL  It  is  H  tolerably  i-aiv  aH'ettion  met  with  in  Imth  sexe^, 
A  fi»r  which  the  name  ilendrifonn  HU]>erHeial  kenititis  seems 
the  mf«t  Appropriate.  The  aebuloiis  o]>aeities,  wliich  remain  for 
le  time  after  rwovery  has  t»iken  place,  liuve  the  character- 
Lie  rumifyLii>;  appeanxm^. 
The  irratment  I  liave  ftmnd  most  efficacious  is  tn  scmiie  the 
tUtv;ruti-4l  rills  with  a  small  s])u<l,  svich  as  is  used  for  removing 
ingn  b*Klies  from  the  conuv..  a»ul  afterwards  ai)ply  a  strong 
lation  (1  in  1000)  of  L*orr(»sive  sublimate  du'ettly  to  the 
nmi'a  with  a  cameVH  hair  lirusb.  ^vjnii  at  the  name  time  the 
loft)rm  ointment  fur  fretjuent  use.  latterly,  I  have  nseil 
iictatiiii,  which,  though  alt<»gether  useleKs  in  deeper  corneal 
'nlcenitions,  appears  to  be  even  niore  suitable  tlian  stronger 
aotiwptics  in  dentlritic  keratitis.  Chlorine  water  is  also  useful 
whicii  frwjhly  prei»are<l. 

S<XEROTisis«:  Kkratftis. — fVrtaiu  forms  of  marginal  in- 
fikrHtions.  which  extend  into  the  cimiea  fivau  tlie  scleni,  have 
iJwf  t«*ncU-ney  lo  lejive  a  dense  white  pon-ellaneous  opacity  in 
cornea,  which  tlius  comes  to  resemble  very  i'bwely  the 
Jlwm  in  apiH'jinmcc.  Tlie  mai-gin  of  the  (cornea  then  hxiks  as 
if  it  luid  bwn  eiicroached  ujxin  by  tlio  sclera,  and  the  name 
■i  k^nttitix  very  Hptly  descrilK-w  tlie  afl'ection,  so  far  as 
uaniatitry  change  in  the  corncii  is  couccnied.  The 
\mnU  is  the  same  as  for  scleritis.  as  wliich  it  always 
Nothing  can  l>e  done  for  the  cleanng  up  of  tlie 
opocity. 
ruuft  t'OiiXEAL  Ul^EKa — A  cleiu'  form  of  ulceration  of  the 
imeji — thai  is  to  say,  one  in  which  neither  the  liase  nor  tite 
ginis  of  ihc  ulcer  exhibit  any  inliltration — ix.'oui's  almost 
i!xclnflively  in  old  enftn^bled  indivi<hials,  and  is  accompanied 
)'■""■'  tr  no  |fericorne«l  injection,  and  often  by  few.  if  any, 
«'.  ■    sympi^ims  at  all,  l»eyomi  more  or  less  interferenc4' 

with  viflii^  according  to  its  site.     The  inhltration  stage  of  this 
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ty]>e  i)f  iilrcr  is  mpid.  ami  thorefnre  nirely  obtierve*! ;  the  healinfl 
sttu^o  is,  rm  the  other  hand,  very  clm»iiie.     It  is  this  cinmm-] 
staiir*'  wliic'li  drives  nsL^  to  the  luiiue  char  ulcer.     Tlie  irtatm 
Tiinst  likely  to  stinmlatt'  these  xilcers  to  heal  is  the  use  of  hi) 
fomeiit-atioiis  ami  eseriiie. 

MiViunxAL  Kl\g-shapei>  Vlckr. — A  long,  narrow,  ulcerated 
rill  sometimes  fnniiH  on  the  margin  of  the  c<irnea,  ami  ext'  r 
in  a  rini£-Hhai*efl  manner  iyiuihI  it.  Wlien  occurring  in  cliildji;. 
it  is  always  rauseil  l)y  the  confluence  of  a  nuinbor  «>f  separal* 
fori  of  inHaminntion.  Svicli  an  origin,  thou^li  probable,  caniiM 
always  Ix*  ileniniistrated  in  the  case  of  the  leas  lii.stiiictl) 
Ktninious  form  whieh  is  met  with  in  adults.  The  iutiltration 
is  seldom  ^reat,  hut  tfuH  tVirui  of  nU^enitioii  is  aceompanied  I'J 
a  pjud  deal  ol  circuuK-onitia!  injeetion  and  otlier  s^'Uiptonis  trf 
irritation.  By  extending  crmipletely  r»»und,  the  clear  central 
]tort!on  tif  tlu'  titniea  may  Ik*  de]»rived  of  its  source  of  uoiirish- 
rnent  Lo  siieh  an  extent  ay  to  necrose.  In  severe  L-ases^,  whicb 
are  fortunntely  nii*e,  com]>lete  loss  of  the.  corneji  may  be  eauaed 
hy  this  fifrm  of  ulceration.  The  etioloix)'  is  not  always  eleAr 
hut  it  often  LMtmes  on  in  connection  with  catarrhal  anijuiictivitis. 
The  treatment  should  Ijc  directed  towards  preventing;  the  sprwid 
oF  the  uh'cr.  This  is  ix^st  done  hy  paracentesis,  which  may  W 
frequently  repeated  it'  iieeessmry.  Eserine  and  cornwive  subli- 
mate lotions  are  also  useful.  Occasionally  it  may  be  foTUwi 
advisable  to  use  the  actual  cautery,  followed  by  iodoforui 
ointment. 

Vesicular  KKitATms. — A   number  of   varietiea,    more 
less   distinct   in    their    clinical   aspects,   occur,   in    which   tl 
BUi'facc   of  tlie   cornea  is  raised    uji   into  vesicles,  which  uwj 
\\e  small  or  liirge,  and  single  or  ttmltiple.     Sometimes,  wl 
small  and  nmltiple,  the  condition  may  l>e  loftked  upon  as  a  tni( 
herjies  of    the   cnrmuu      Thin    form    acc{aa}»anies  ^r   firllowti 
hrtaichitis   nr   laieumonia,  and    there   is,  according  to  Homei 
wlio  lias  most  aecnnttely  described  it.  a  tle^rree  of  aniestltesiii 
tiie  Cornea  tis  well  as  diniinutit)n  of  intraocular  tension   at  tl 
same  time. 

One  of  the  most  interestinp;  nnd  distinct  fonuB  is  that 
wliich  Hansen  (Jrut  has  drawn  attention — a  recurrent  hidhn 
keratitis.     This  form  only  comes  on  after  a  »ui>erticial  wound 
considei^ihle  extent,  and  presents  itself  as  a  clear  hulk,  which 
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cannot  properly  be  seen  except  by  oblique  illomination,  and 
which  may  occupy  from  one-eighth  to  one-half  of  the  superficial 
extent  of  the  cornea.  The  niunber  of  times  that  this  condition 
may  recur  after  a  trauma,  as  well  as  the  length  of  the  interval 
between  each  attack,  is  subject  to  considerable  difference.  It  is 
not  uncommon  to  find  a  recurrence  take  place  from  three  to 
aix  times  a  year  for  several  years.  The  attacks  invariably 
come  on  in  the  morning  on  waking,  with  circumcomeal  injection, 
considerable,  often  intense,  pain,  and  the  sensation  as  if  there 
were  a  foreign  body  in  the  eye.  Under  these  circumstances, 
and  with  a  previous  history  of  an  external  abrasion  of  the 
cornea,  followed  by  the  same  kind  f»f  j>aiu,  there  is  always  to 
be  found  a  corneal  bulla.  Sometimes,  indeetl,  this  cannot  be 
seen  without  pressii^  the  lid  against  the  coniea,  the  epithelium 
of  which  is  then  thrown  into  a  fold,  or  by  catching  hold  of  the 
anterior  epithelial  surface  of  the  separated  layer  with  an  iris 
forceps,  when  it  readily  comes  away.  Only  very  rarely  is  the 
tluid  contained  in  the  bulla  other  than  completely  transpareut. 
When  yellowish  or  purulent  some  opacity  is  left,  otherwise 
complete  restitution  takes  place,  so  that  the  cornea  becomes  to 
all  appearance  absolutely  healthy.  A  large  superficial  abrasion 
is  very  frequently  followed  by  this  form  of  intlammatiou,  ancl, 
on  the  other  hand,  its  occurrence  at  once  leads  one  to  the 
diagnosis,  before  the  history  of  the  original  injury  has  been 
elicited.  This,  too,  on  account  of  the  severity  of  the  injury, 
there  is  ver)'  rarely  any  difficulty  in  obtaining.  A  cure  takes 
place  generally  in  from  three  to  five  days,  except  in  the  cases 
where  the  fluid  of  the  bulla  is  discoloured  One  of  the  most 
common  causes  of  this  affection  is  a  8crai>e  from  a  child's  nail, 
aud  probably  on  this  account,  more  than  on  any  other,  it  is 
more  frequently  met  with  in  women  tlian  in  men.  Other 
injuries,  such  as  blows  from  branches  or  the  end  of  an  umbrella, 
not  infrequently  also,  by  causing  a  similar  injury,  set  up  the 
same  train  of  symptoms.  The  cause  of  tlie  tendency  to  recur- 
rence appears  to  be  imperfect  healing.  The  epithelium  whicli 
replaces  that  removed  at  the  time  of  the  accident  is  more  liable 
to  injury,  so  that  after  a  time  the  slightest  rub,  which  may  take 
place  during  sleep,  will  cause  it  to  be  detache<l  in  the  shape  of 
a  bulla.  The  treatmejU  consists  in  removing  the  detached 
epithelium  with  a  pair  of  iris  forceps,  aud  applying  cocaine 
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frequently  to  nlljiy  the  jmiii,  using  at  the  same  time  sr;me  ampV 
weak  antiseptic  lutiuii  for  batldug  the  eyes.  There  apin-areU' 
be  no  way  in  which  the  recurrence  can  l)€  prevented. 

Another  bulluus  fonii  of  kemtitis,  in  wliicli  the  Imlk  is  n"i 
pellucid,  fxrcui'8  ui  eases  of  chronic  inliauiiiiation  of  the  eje. 
where  there  is  or  has  l)een  increase  of  iinraocular  teiiaion.  it 
18  nKist  frequently  met  witli  in  ohl  cases  of  jflaucoiua  or  irido- 
chontiditis,  where  the  di»e«i*e  Imw  led  to  complete,  or  aJiuoBt 
complete,  blindness.  The  bulla  in  these  cases  is  due  to  ta 
oedenia  of  the  cornea,  wliieh  haw  led  to  the  fommtion  of  t 
tibrinons  false  lueniUnme  between  the  ejutlielial  cells  ami 
Bownjan  8  membrane :  it  is  this  nietnbrane,  in  wldition  to  the 
epithelial  eells,  which  fnriiis  the  anterior  wall  of  the  vesick 
No  treatment  is  called  for  in  sucli  eases,  which  are  more  of  the 
nature  of  degenerative  changes  tlian  of  intlammation. 

TrBERCULAK  Kekatitis. — A  rare  disease  of  the  comeii, 
which  appears  to  be  tuben-ular,  consists  in  a  dense  infiltralinu. 
associated  at  the  same  time  with  the  formation  uf  a  cheesy- 
h)oking  mass  in  the  anterinr  chamber.  In  most  of  the  cases  1 
have  seen  thin  iiiriUraLiou  haw  liegun  at  the  biwer  part  of  ibi* 
cornea  No  treatment  is  of  any  avail,  and  the  eye  is  eventually 
lost  by  ptissuig  into  a  state  v>l  phthiKia 

Secoxoary  Keratitis. 

One  form  of  secondary  iuHltration  of  the  cornea  is  of  very 
common  occurrence,  and  is  usually  known  as  diffuse  inicrstitial 
or  parcTichtfmnton^  /rm/iVk  It  never  leads  to  any  destruction 
of  the  corneal  tissue.  This  disease  produces  a  very  characteristic 
appearance.  It  begins  as  a  diffuse  jjrreyisli  and  tolerably  deep- 
seated  opacity,  which  either  stretclies  in  from  some  portion  of 
the  periphery  of  the  eoinea,  or,  less  freqne.ntly,  tirst  becomes 
evident  in  some  moi*e  cential  p<jrLion.  The  whole  cornea 
Iiecomes  pretty  uniformly  iiiiillrated.  and  at  the  same  time 
a  very  detinite  stippling  of  the  ejiitlielitd  surface  make^s  its 
appearance.  Not  infrequently  dillereut  portions  of  the  cornea 
are  more  densely  intiltmted  than  others,  or  there  nmy  even  be 
a  very  distinct  punctifonn  anangement  <»f  the  intiltratiou,  but 
tliere  is  never  any  prominence  at  sueli  points  as  is  seen  in 
cases  of  primary  intiltiiition.     According  to  the  density  of  the 
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mtiltT-iition,  tlie  colour  which  it  assumes  is  either  white,  grej, 
or  yellow.  Whvu  very  ileuse  it  wouM  be  inip<»6sible,  indeed, 
frrnii  tlie  c«^h.iur  alone  ttt  say  that  no  uljBCe^w  waa  present.  The 
degree  of  irritation  is  very  variable,  both  in  diffei*eut  crises  as 
well  HS  at  djQerent  sUiges  in  the  same  case.  There  is  usually, 
Rt  sfune  time  or  other,  not  a  little  circmncomeal  injection,  with 
photophobia  and  lauhrj'nmtiou,  and  often  a  more  »ir  less  ileuse 
foriiintion  of  new  vessels  in  the  cnraea,  ginng  rise  to  the 
appearance  called  the  **  Siiliuon-colnui*e«i  patvli."  This  is  well 
seen  in  Y\%.  \\K  These  vessels  spring  froiu  the  «lee[»  episcleral 
network  which  exists  around  tlie  c<:»meH,  and  therefore  fiDin 
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branches  of  the  anterior  ciliary  arteries.  They  can  thus  readily 
be  liidtin^iished  from  the  newly-f*irme<l  ve^els  of  a  pannus, 
which  spring  fnini  8U]»erHciaI  conjinu'tivid  trunks.  As  the 
iij>rtcity  dears  Hway,  the  new  vessels,  as  well  as  the  other 
syiuptoiDs  of  intlammaticm,  gradually  disappear.  As  a  rule,  the 
c^ntnd  jHjrtinuH  of  the  conieu  are  tlie  last  to  clear  up.  Both 
cy«s  are  usually  jittacked  by  this  inllauimati'ai,  though  rarely 
exactly  at  the  same  time ;  more  comm4*nly  the  dLseiise  is  pretty 
far  iidvanced  in  ttne  eye  1>efore  the  symptoms  make  their 
apj»etirance  in  tlie  other. 

Interstitial  keratitis  always  lasts  a  long  time — three  to  ten 
months  as  a  rule.     In  some  cases  the  iluration  is  much  longer. 
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There  is  a  great  tendency  for  the  iris  to  become  inflamed 
at  the  same  time,  and  there  are  also  observable  in  meet  cuei 
changes  in  intraocular  tension — at  first  generally  an  incmtt^ 
but  afterwards,  and  continuing  far  longer,  a  diminution,  wbid 
is  sometimes  very  considerable  indeed.  These  circumstanoo, 
taken  in  connection  with  the  absence  of  ulceration  whkh 
chanicterises  interstitial  keratitis,  sufficiently  show  that  the 
disctisc  is  in  reaUty  not  a  true  iiiHamiuation  of  the  corm 
itself,  but  merely  an  extension  to  it  of  inilanunatory  productt 
derived  from  a  focus  of  inflammation  in  the  anterior  portioo 
of  the  uveal  tract.  Tliey  therefore  justify  the  term  secondair 
keratitis.  The  recognition  of  the  secondary  type,  too,  is  of  the 
utmost  importance  from  a  prognostic  point  of  view. 

The  age  at  which  the  disease  most  frequently  shows  itself 
is  from  seven  to  twenty-one — mostly,  perhaps,  about  puberty. 
Individuals  who  are  of  delicate  constitution  from  any  cause  are 
subject  to  it.     The  most  frequent  predisposing  cause  appears  to 


V 


Fig.  39.— Hutchiiwon'a  Teeth. 

be  inherited  syphilis,  ius  it  is  often  met  with  in  individuals  in 
whom  there  exist  other  manifestations  of  this  disease,  such  as 
scuirs  round  the  mouth,  prominent  frontal  eminences,  ifec^ 

A  veiy  conunon  condition,  too,  in  tlie  subjects  of  second- 
ary interstitial  kenititis,  is  a  }>eculiar  state  of  the  incisor 
teetii,  to  which  attention  was  fii^st  called  by  Hutchinson, 
by  wi»oni  it  is  also  consiilered  a  manifestation  of  inherited 
syphilis.  The  (cutting  e<lge  of  the  t(X)th,  instead  of  beii^ 
straight,  is  arclied  or  notched  in  a  more  or  less  semicircular 
form,  tlie  sides  being  longer  than  the  centre  (see  Fig.  39). 
Sometimes  the  form  hius  not  become  definitely  established  at 
the  time  of  examination,  but  there  is  often  to  be  seen  an  indica- 
tion that  the  cutting  edge  (»f  the  incisoi-s  is  thinner  than  in  the 
normal  condition,  and  at  the  stxme  time  devoid  of  enamel  It  is 
the  wearing  away  of  this  i>ortion  which  gives  rise  eventually  to 
the  characteristic  notch. 

Another  complic^ition  is  deafness,  which  appears  in  part  due 
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to  a  similar  interstitial  inflammation  of  the  tympanic  mem- 
brane, and  in  part  to  a  periostitis  within  the  channel  for  the 
auditory  nerve,  which  probably  causes  the  ner\'e  to  become 
involved  in  the  inflammation. 

In  severe  cases  more  diffuse  choroiditis,  as  well  as  staphylo- 
jnatous  protusions  of  the  anterior  part  of  the  choroid  and  the 
ciliary  region  of  the  eye,  occur.  The  cases  in  which  other 
manifestations  of  syphilis  are  evident  appear  to  be  those  most 
frequently  complicated  by  more  deep-seated  inflammations  than 
such  as  give  rise  to  the  corneal  opacity;  cases,  in  short,  in 
which,  on  that  account,  the  prognosis  is  least  favourable. 

When  the  corneal  opacity  is  very  dense,  so  that  little 
more  than  the  movements  of  the  han<l8  c*in  be  made  out,  on 
account  of  the  optical  interference  produce<l  by  that  opacity 
alone,  it  may  sometimes  not  be  ver}'  easy  to  ascertain  whetlier 
or  not  any  serious  complication  exists.  As  a  general  rule, 
it  is  not  difficult,  after  a  little  practice,  to  satisfy  one's-self 
as  to  whether  the  visual  acuity  answers  to  tlie  opacity  or  not. 
Even  the  ver}'  densest  corneal  infiltration  pnxluced  by  this 
disease  should  permit  of  the  movements  of  the  liand  being  seen 
close  to  the  eye,  so  that  if  vision  is  further  reduced,  to,  for 
instance,  mere  perception  of  light,  there  is  certainly  some  com- 
plication present.  In  uncomplicated  cases,  too,  the  fieM  ttf  vision 
is  of  course  of  normal  extent. 

In  a  large  majority  of  cases  of  interstitial  keratitis  the 
opacity  eventually  clears  up  entirely,  or  leaves  but  the  faintest 
trace,  discernible  only  on  oblique  illumination.  The  prognoau 
depends  in  fact  on  the  severity  of  the  ])riniary  atfectiou. 
When  the  iritis  is  slight,  and  no  choroiditis  or  staphylomatous 
protrusions  make  their  appearance,  it  is  goo«l,  even  though  the 
opacity  should  be  at  one  time  extremely  dense.  Occasionally 
cases  beginning  as  interstitial  keratitis  go  on  slowly  to  shrink- 
ing of  the  eye.  Sometimes  two  or  more  attacks  may  occur  in 
the  same  individual  at  considerable  intervals  of  time. 

The  disease  runs  a  definite  course,  and  it  is  very  doubtful, 
just  as  in  the  case  of  other  deeper  uveal  afiections,  in  liow 
far  any  treatment  is  of  any  avail.  The  eyes  should  certtiinly 
be  protected  from  strong  light,  and  the  patient  not  allowed  to 
read.  When  there  is  much  circumconieal  injection  tlie  pupil 
should  be  kept  dilated  with  atropine,  so  as  to  avoid  tlie  worst 
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coimpiinences  (if  a  complicrttion  with  iritis.  Att*'nlirni  to 
skill  ami  tu  the  liealth  generally,  lUiKienit^  exercise,  and  the 
of  syrup  of  the  iodide  of  iron  intenially,  f^ither  uloue  ur  coa- 
bine<l  with  a  little  iodide  <»f  potassium,  are  indicjil<?il  In  the 
distinctly  syphilitic  cases  mercurial  prciwimtions  iimy  t)e  tried 
When  ciliary  st-apliyl(>niat*i  develop,  it  is  advisable  to  tr)-  eserinc^ 
which  appears  to  Imve  some  influence  in  preventin'^  tJieir  ex- 
tension. All  8ui"gical  interference,  even  such  u  .sini])le  uieu^ut 
as  piracentesis,  should  be  avoided,  except  in  cases  where  theit 
is  a  niarki'*!  slmllnwin;;  nf  tlie  unterinr  chaniher.  In  x\vat 
iridectomy  should  he  performed  as  S4jou  ;is  poasihle. 

Other  less  chnnicteristic  and  altogether  much  less  frequent 
forms  of  sci'Oiidary  keratitis  art;  met  with,  in  connection  usually 
with  old-standin*^  C4ise8  of  choroiditis  and  irido-clioroiditis.  In 
these  the  projj;!iosis  is  relatively  much  worse  tlian  in  wlial  b 
usually  known  as  iiitfrstitial  kenititis,  nwiuj^r  no  donht  to  tlim 
l>eiiij^  less  tendency  towards  thi^  hwdiuj*  of  the  jirinuiry  pnx'fis 
on  which  they  depend, 

Oecasiouidly  a  ]ie('uliar  form  of  disease  is  met  witli,  which  nt 
first  looks  very  like  a  secomlary  interstitial  keratitis,  but  which 
afterwards  l>ecoraea  associated  with  a  tubercular-looking  deposit 
in  the  anterior  cbamWr  and  iris,  *uk  wtdl  as  a  dense  whitish 
opacity  in  the  corresponding  portion  of  the  cornea.  The  affection 
is  extremely  chronic,  and  appeai-s  to  he  of  a  tul)ercular  nature* 
and  Milled  to,  tliouj^h  by  no  mc^ms  the  hhuic  atlcctinu  as.  granulumA 
of  tlie  iris.     I  have  usually  seen  it  in  young  adults. 

Nbubo-Pakalvtic  Kkhatitis.  —  AVhen  the  fifth  nerve  is 
|»ai*alysed  tlierc  is  a  tcudeury  for  the  cornea  to  bec<uiie  intlamed. 
l)ifierent  forms  (»f  inflannnation  uuiy  occur  under  such  circum- 
atttnces,  which  all.  however,  exhibit,  i»e8ide8  tlie  HCConip*in\"ii¥ 
ana'sthesia,  a  niiirked  slowness  in  liealing.  if  indeed  they  du  not 
lead  to  the  totiil  destruction  of  the  cornea. 

This  form  of  keratitis  has  been  often  produced  expeh- 
menUilIy  in  animals,  ami  various  vii^ws  as  to  its  etiohigy  have 
been  from  time  to  time  put  fiu'wanl.  It  has  l»een  looked  up>u 
as  due  entirely  to  interference  with  the  trophic  supply  Ui  die 
cornea.  Tliis  view  was  i)ri^^inated  by  Majendie.  and  was  that 
held  by  von  Gnu.^fc.  Many  snbseijuent  exiH^'imentei'S  l)elieved 
the  keratitis  to  be  always  starteil  by  injury,  but  admitted  tlwt 
the  ]iowcr  of  ivsisting  such  injuries  was  reduced   bv  the  tri- 
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Q^minus  lesion.  Others  again,  and  notably  Snellen,  have 
denied  that  the  intianuuation  has  anything  to  do  with  a  sever- 
ance of  trophic  supply.  It  is  indeed  most  prol^able  that  tlie 
main  cause  of  so-called  neuro-paralytic  keratitis  is  the  greater 
liability  of  the  cornea  to  traumata,  and  to  small  abrasions  fnjm 
the  more  rapid  evaporation  and  insensibility  which  paralysis  of 
the  fifth  produces.  The  latest  experiments,  such  as  th<»se  of 
von  Gudden,  Bockmann,  and  vtm  Hippel,  have  pretty  clearly 
shown  that  the  trophic  hypotheses  are  untenable.  Possibly,  as 
has  been  suggested  by  El:)erth,  the  keratitis  which,  in  common 
with  other  experimenters,  he  found  to  arise  sfj  readily  in  animals 
in  which  the  fifth  nene  has  been  divided,  is  in  reality  a  mycotic 
one. 

The  prognods  in  all  crises  of  neuro-paralytic  keratitis  is 
necessarily  bad. 

The  treatment  consists  in  as  far  as  possible  protectin*^  the  eye 
from  external  inHuences,  by  keeping  it  tied  up,  an<l  frequently 
applying  antiseptic  lotions.  The  corneal  changes  which  are  met 
with  in  herpes  zoster  frontalis  may  be  looked  upon  as  neuro- 
paralytic in  their  nature.  In  some  cases  a  numl)er  of  small  her- 
petic blebs  form  on  the  cornea,  very  similar  to  those  met  with 
on  the  skin.  These  burst  and  leave  infiltrated  margins,  an<l 
eventually  more  or  less  opacity.  In  other  cases  the  first  appear- 
ance in  the  cornea  is  of  one  or  more  infiltrations  or  ulcerations. 
The  affected  portions  of  tlje  cornea  are  generally  aniesthetic,  and 
often  remain  so,  long  after  healing  has  taken  place.  A  corneal 
complication  appears  to  be  met  with  in  alKiut  one-fourth  of  all 
the  cases  of  herpes  zoster  frontali.s.  According  to  Hutchinson, 
the  cornea  is  only  affected  when  an  eruption  at  the  side  of  the 
nose  indicates  a  participation  of  the  na.s<^>-eiliarv  bmnch  in  the 
affection.  Tliis  connecti<m  is  certainly  frequent,  and  in  my 
own  experience  it  has  been  invariable :  but  cases  are  on  n.'cord 
where  the  cornea  has  been  affected  without  the  skin  of  the  nose 
being  implicated,  while  at  the  same  time  the  skin  of  the  no.se 
has  been  found  to  be  affected  and  not  the  cornea.  Great  pain 
usually  accompanies,  as  well  as  sometimes  precedes  and  follows, 
the  herpetic  inflammation  on  the  cornea,  just  as  is  the  ca.se  with 
similar  manifestations  elsewhere.  Xo  very  efficacious  treatment  is 
known  for  this  affection.  S<jmetimes  the  pain  is  relieve<l  by  tying 
up  the  eyes,  in  other  cases  nothing  except  moq>hia  gives  relief. 
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NoN-InKLAMMATOKY   and    DegKNERATIVK  CnANfiE* 
IN  THE  CORNKA, 

Tranavenc  calcareous  film. — A  very  curious  form  of  c«n»i 
opacity  is  met  with,  mostly  iu  eyes  which  are  at  the  same  to 
the  site  of  .some  (ilil-staiuliu^  iutlainmatdry  changes,  such « 
chronic  iritis  with  oechision  of  the  pupil,  aiul  it  may  be.  *iA 
eak'«re<»ua  degtiienLtitm  uf  a  cutunicUius  lens.  This  couasUol 
a  transverse  Hhn  running  across  the  coniea  always  at  thit  p*n 
which  corresponds  to  the  half -closed  lids.     It  generally  b^i^ 
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Fig.  40. — TmiutTeree  c&lcareotu  film  of  onmea  (in  a  ahnmken  eyv). 

at  the  cornwd  margins,  and  spreads  from  both  sides  towards 
the  centre.  The  breadtli  <.»f  tlie  baud  is  tolerably  uaiionu 
throughout,  being  in  ditterent  cases  from  about  ^  to  ^  ini'k 
The  opacity  is  Unely  pimctiform,  and  varies  in  colour  from  h 
grey  to  a  pretty  pnjiiuuuced  yellowisli-browii.  Examined  with 
a  maguifying-gluss,  it  is  found  to  be  ctanpftsed  of  a  number  of 
granules,  whicli  ui-e  very  regidarly  clistributetl  and  of  much  the 
same  size  throutj;hout.  Its  edgej*  are  \^ry  sliarply  define<l,  and 
do  not  anywhere  merge  into  the  healthy  cornea.  It  is  oft4>n 
least  dense  at  the  centre  iff  tlie  tronuvi  over  the  pupil,  but 
alt<»gether  much  more  intmnsparent  than  its  apj^earance  at  any 
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ice  would  leai]  nne  to  mppoee,  nvring  probably  to  the 
^«I';ireons  defeneration  which  takes  pluce  in  the  deposited 
"naiUT.  There  is  ran>lv  any  <Usturbauoe  of  epithelium  above 
the  niMieity. 

This  form  of  opacity  almost  invariably  occure  in  lioth  eyee, 
»iigh  it  may  exist  t"  a  much  more  marked  extent  in  tlie  one 
the  oilier  at  tlie  time  of  examinatioa  It  is  met  with  at 
ajti«s  and  in  both  sexe«.  thouj^ih  more  fn?ijueatly  in  men.  The 
rity  forms  very  slowly,  luul  then  remains  for  an  indefinite 
^iine  stationary.  The  surrounding  cornea  is  as  a  rule  perfectly* 
'^i'  il'hy.  but  there  is  a  variety  of  the  same  aifection  wluch  makes 
u-  .ijijiearance  in  old-standing  leucomata.  Fr»^)m  the  f*icl  that 
te  form  of  uveitis  is  almost  ailways  found  to  be  aasoeiatecl 
ith  it,  it  seemg  pnthalde  that,  even  when  the  disease  is  uppar- 
ntly  primarily  a  coniciil  one,  ther-e  is  nevertheless  some  deep- 
ited  affection,  which,  though  it  may  escape  ob8er%'ation  at  the 
iu%  aft-erwanis  develops  into  Biomething  more  manifent. 
Glaucoma  is  often  met  with,  sooner  or  later,  in  connection 
with  these  calcareous  films  in  the  c^iniea,  and  for  this  reason  it 
seems  advisable,  as  was  nf<^»mmended  by  von  Graefe,  to  perform 
iridectomy  early.  Any  other  treatment,  such  as  scraping  away 
the  film  or  removing  it  by  means  of  very  liihite  nitric  acid,  as 
has  been  proposed  by  Xettleship,  is  of  very  little  permanent  use. 
as  it  again  dcveloiis. 

Cases  whicii  have  been  examined  microscijpically  have  all  been 
found  to  be  causeil  by  a  fonnatiim  of  chalky  nmtler  in  Rtwnuin's 
membrane  and  the  immeiliately  subjacent  j«irt>*  <if  the  comeii. 
How  the  chalk  comes  to  be  deposited  there,  and  why  it  should 
just  occupy  that  pfjrtion  of  the  cornea  which  is  nnwt  uncovered 
by  the  hils,  has  not  yet  been  explainotl.  The  disease  seems 
fiist  to  liave  been  described  by  Dixon,  but  did  not  attract  much 
attention  until  lonjj  afU'rwanls,  wlien  v<in  CIniefe  ]M-tLnted  out  its 
connection  with  glaucoma,  a  Ciiiuiocti<»u  wliich,  however,  tlocs 
not  ap|)ear  to  be  as  constant  as  von  Graefe  l>elieve<L 

AHcrs  Skkilis. — This  is  a  whitish  and  generally  completely 
circular  opwity,  which  extends  round  the  margin  of  the  cornea 
in  old  jieople.  It  begins  at  tlie  ujjper  and  lower  maipng  of  the 
cornea,  and  varies  consideiably  in  thickness  in  difl'crent  imhvi- 
(luals  as  well  as  often  at  thllen^ut  pjuts  of  the  cornea,  Ver>' 
often  the  arcus  is  separate<l  from  the  scleral  margin  by  a  clear 
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ur  less  o]»uque  strip  «if  winuMi,  The  iippeiininre  is  tlueUitxtfj 
ilegeuemtiuii  t»f  corneal  c*IIs.  Wounds  through  thia  iirta  ^\ 
flej»eneration  heal  much  as  in  tlie  nonnal  cornea. 

Conical  L'oknea. — ( )wing  to  a  tiiiuning  of  the  central  |i«irtii)n ' 
of  the  cornea,  a  change  of  its  curvature  may  take  place,  whereUj 
the  normal  ellipwoidnl  form  liecnuieH  cimverted  into  one 
resenibhng  a  }iy]ierhol(»id  of  revohition.  Tlie  cur\'ature  of  thf  | 
ceiitiul  portion  becomes  greater,  tlmt  of  tlie  peripheral  pitrUtt 
less  than  normal  (see  Fig.  41).  This  gives  rise  to  niyopi*,  tol 
a  degi'ee  of  irregular  astigniatif^iu  with  poly* 'pia,  and,  in  the  :: 
pnmounced  wises,  to  some  tliiuiiiuti<in  in  the  Held  of  vls  j 
The  apex  of  the  conical  cornea  always  lies  slightly  below  iW 
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Fi<:.  41. — C'unical  cornea. 


centre,  and  is  often  more  (u-  le.ss  o]ia<|ue.    It  may  he  ho  thin  t! 
it  can  be  seen  with  the  ophthEdnioscope  to  pulsate  synchronousl] 
with  the  pulse.     This  phenomenon  was  first  observed  by  Javi 
and  has  lately  boen  ronfinucd  and  demonstrated  by  Gnllstraudj 
Tlie  conditiini  is  idunwt  in\.arialily  bibitcral,  though  freipieullj 
not  developed  Lo  the  same  extent  in  both  eyes.     The  patholog 
is  not  pro]>erly  understnod.     It  is  not  known  what  causes  th< 
thiuuia^  and  want  f»f  resistance  in  the  coniea.     It  appears  to 
ecpially  frequent  in  w<imen  and  men ;  according  to  some,  woidi 
are  nna>*  siihj»H't  to  it.     Tlie  conieul  bulging  hegina  generall] 
after  puberty,  in  the  early  yeai-s  of  aihdt  life.     It  is  not  impn^-j 
bable  that  the  degenerative  change  iii  the  conieu  may  go  on  ft 
some  tlrae  hi-fore  the  bulging  begins.    There  isaducideil  tendeocj 
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for  the  coudition  to  rexnain  stationary  after  having  piogrowftd 
for  some  time.  I  have  seen  several  cases  where  the  condition 
lias  lasted  ft>r  upwards  of  thirty  years  without  destroying  sight, 
or  indeed  rendering  rea4ling  altogether  impoesible.  Not  infre- 
ijueutly  however  the  protrusion  gradually  increases  more  and 
more,  and  is  assiKiatetl  with  mure  and  more  opacity. 

The  diaijnosis  of  conical  cornea  is  made  without  didiculty 
hy  mere  inspection  when  the  protrusion  is  pronounced.  Tlie 
conical  shape  can  be  readily  seen  by  IcKikiag  at  the  cornea  from 
the  side.  When  slight,  or  only  beginning,  it  is  tliagnosed  by 
means  of  the  ophtlialmoscoj>e  or  Flacido's  disc.  With  tlie 
ophthalmoscope  a  pet^uliur  circular-sha])ed  shad(tw  is  thrown  on 
the  fundus,  which  alters  its  (K^sitiou  with  the  movement  of  the 
mimjr.  It  con-esjMjndH  to  a  zone  through  winch  fewer  rays 
pass  to  the  observer's  eye,  owing  t-o  the  rays  on  one  side  of  the 
zone  being  convergent  and  on  the  other  divergent  as  they 
emerge  from  the  eye.  With  Placido's  disc  the  great  diminution 
in  the  size  uf  the  image  of  the  rings  on  the  ap*?x,  and  their 
tdliptical  or  h)'{)erlM)li(*  dist4)rtion  in  Llie  vicinity  of  the  apex,  is 
very  chanicteriatic. 

Trmtmtnt. — <  'onical  cornea  admits  generally  of  some,  though 
rarely  of  very  complete,  optical  correction.  Tlie  liiglier  numbem 
of  negative  spherical  ami  cylindrical  lenses,  eitlier  se{>aratcly  or 
combined,  are  tlnise  wliich  are  most  likely  lo  prove  of  service. 
S<»metiiuefi  a  stenopaic  aj)erture  or  slit  may  be  added  with 
advantage.  With  Ilaehlmann's  hyperlMilic  lenses,  manufactm-ed 
in  Rathenow,  a  much  gieater  im])rovement  can  iKcasionally  be 
got  than  by  any  other  optical  means.  They  may.  loo.  be  com- 
bined with  convex  splieiical  glosses.  The  disadvantage  of  the 
hyperbolic  lenses  is  that  they  only  correct  when  their  apices 
coincide  with  those  of  the  corneal  cone«.  which  is  ordy  the  case 
for  one  position  of  the  eye.  Their  use  as  spectacles,  at  any  rate, 
must  therefore  be  limited.  In  many  cases  the  possible  optical 
correction  Ls  a»  suuill  that  some  openition  is  intlicatetl.  An 
operation  imiy  in  any  case  be  attempted  wlieu  there  is  opacity 
of  the  apex  of  the  cornea  All  operations  which  have  lieen 
devised  for  conical  cornea  are  nu»re  or  less  doubtful  in  their 
reault&  That  most  likely  to  prove  of  benefit  is  the  removal  of 
au  elliptical  portion  from  the  apex,  or  from  near  the  apex  of 
the  cone.  Trephining,  as  recommended  by  Bowman,  is  un- 
10 
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doubtedly  nf  use  sometiraea  Tlie  same  may  Ije  said  of  von 
Gmefe's  treatment, — cauterising  of  the  upex.  and  suljse<|ueat 
iridettuiny.  DJHpInconu'nt  nf  the  pupil  without  iridertonij 
(iridesis)  has  also  been  tried.  It  must  be  remembered  thai 
such  operations  are  not  altogether  free  from  danger.  Suppura- 
tion of  the  coruea,  followed  it  may  Ije  by  suppuration  of  th« 
whole  eye — panfiphthahuitis — is  occasionally  set  up. 

Another  form  of  tiiissliapeu  cornea  is  wliat  is  e-allefl  hrroio- 
(/lobus.  In  this  condition,  which  is  not  nearly  so  common  u 
coniwJ  cornea,  and  prohalily  always  congenital,  there  is  a  mow 
general  thinning,  and  ciiuscqueutly  a  more  globuhir  disteusion, 
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Kk;.  4U. — Dtrmoid  cyst  of  coruuu 

of  the  cornea.     Examined  with  a  Plaeido's  keratoscope,  there 
little  or  no  distortion  of  the  circular  rings.     The  c<»rne«  is  som< 
times  so  thin,  that  whnn  panK-entesiH  is  performed  it  falU  ioj 
crinnpled  up  like  pHper.     In  the  Inglier  degrees  the  (NMiditiol 
lias  often  existed  for  a  long  time ;  the  cornea  may  l>ecouie  aomi 
what  opaque  all  over,  uulI  the  disease  is  liable  sooner  or  later 
lead  to  secondary  glaucoma.     No  treatment  is  likely  tn  lie  o 
nmcii  avail     Iridectomy  has  l»een  foutul  to  he  dangerous, 
liable  to  lead  to  los.%  of  vitreous  and  purulent  pyelitis.     It  .shouk 
therefore  be  deferretl  until  glaucomatous  symptoms  have 
their  appearance. 

Tumours  of  the  Counea. — Dermoid  Cyst. — Tliia  mai 
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found  as  a  congeiiital  growth  at  Riiy  pfirt  of  tl}e  inar^n  of  the 
«?oriiea-  It  seems  usually  to  remain  of  much  tlie  «ime  size 
•luring  life,  tliough  <»c<ut8it>nally  fouml  to  iucreaBe  after  birth. 
The  cyst  is  Hnnly  attaclie^l  to  the  cnnica  hy  fmlf,  or  rather  more 
than  half,  of  its  lia.se,  the  otiier  i»*irlion  being  attached  to  the 
epis<;lenil  connective  tissue,  A  dermoid  cyst  of  the  coniea, 
owing  to  its  position  ajul  size,  seldom  interferes  with  vision, 
bat  may  retpiire  removal  on  accimnt  of  proihuriiijj;  mure  or  lei^s 
conjunctival  iiTitation,  t>r  on  account  of  its  unsightly  appearance. 
Fihnymn  of  tht  Cornea. — This  is  an  exceedingly  raie  affection. 


Flu.  43. — Fibrama  of  come*. 

It  occurs  as  a  flat  growtli  of  densely  white  appearaiu;e,  invohing 
the  supei'fieial  portiim  of  the  enrnea,  over  the  whole  of  which  it 
very  slowly  spreads.  Wlien  met  with  l«?fure  it  has  involved  the 
wiiole  cornea,  it  should  Ikj  reuioved  by  shciug  oO'  hiyer  after 
layer,  until  tlie  transparent  tissue  below  it  is  reaclietl. 

Mnliffnant  TuiaouTu  of  tht:  Corma  pnil>iil»ly  never  occur 
primarily.  They  either  involve  the  ciirnea  by  extension  from 
the  deei>er  tissues  of  the  eye  (ciliary  body,  choroid,  Ac),  or  from 
tlie  conjunctiva,  in  which  cu-sc  only  the  superficial  layers  of  the 
cornea  are  iinpliwited.  The  priucijMd  forms  njet  with  are  sar- 
coma, generally  of  the  melanotic  type,  and  epithelioma.     Owing 
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to  their  loose  attachment  to  the  cornea,  they  may  easily  bd| 
stnaped  riH",  but  the  tendency  to  recur  usually  necessitates  re- 
moval of  tlif  eye. 

Congenital  Malformations  of  the  Cornea  are  rare,  unless; 
we  inchide  umJer  siicli   ((inienl   a.stitiumtiaui.      Sdnictinies  the 
cornea   in  iiiuch  isitmlU'r    thait  tmnuul,  m  i^-ouditioa    known   us 
mitrocormea ;    in    olliem    it    is    niiu-h    ton    lai"ge — maeroeomea. 
B<jth  thcsi'  devinti(ai8  art-  most   I'iLMjuuiitly  mmnipamjueiita  of, 
more  genentl  (li't'imiiitit's — mieiitphtiuthnot^  and   mticrophthaliHtiiBy 
real.^ecti^'ely — Llumgli  they  noay  exist  alone,  or  at  all  evenu] 
euuHtitute  th(*  iiKfst  eviih'iit  dt^fnrinity.     A  congenital  opaicity  oi 
the  corntvt,  eithf^'f  ])artial  or  complete,  is  also  met  with   very' 
rai-ely. 

iNJriUEs  TO  TUK  CoitNEA. — Supf i-ficial  alirasions  <»f  the  L-4inif;t, 
which  rarely  involve  more   Lliaii   Llie  epithelium,  are  fretjuently 
met  with.     An  injury  of  this  nature  may  result  from  a  scratch 
fi-om  the  tinger-uail,  or  fmni  llie  eye  Ijcin^^  struck  with  somo^n 
object — i'.tj.,  the  branch  of  a  tree,  end  of  an  umbrella,  \'c. — ^| 
or  fnau  the  rubbing  of  s<jme   sujall   foreijrn  body  wliicli  ha» 
remained  for  Home  time  in  the  conjunctival  sac.     The  comeid^ 
abraaitin,  owing  to  the  irritatitai  of  the  numerous  delicate  nerv6r^| 
fibrils  whicli  it  causes,  always  gives  rise,  and  more  especiully 
wlien  tfic  eye  is  not  kept  closed,  to  very  considerable  jMiin,  itftea 
tux'onipanici!  at  the  sanu*  time  by  tlie  seiisjition  lus  if  a  foreijjiij 
body  were  present  in  tlie  eye.     When  the  abi-asi^jn  is  larj^^*  il 
may  give  rise  to  a  form   of  recunvnt  bullous  kenititis   (seej 
page  1.35).     The  pain  is  at  once  allayed  by  cocaine,  and  the  htat' 
tnent  conaisU  in  unint;  fiei)uently  Koine  milil  antiseptic  wash,  s«^ 
i\»  to  avert  any  p<_»8sible  sul>ae<]ut'ut  inoculation  of  the  wounded^ 
conxea.     The  extent  of  a  supcrhcial  abrasiou  of  the  cornea  may^| 
be   made  very  apjuitvut  by  dropjiinij;  a  drop  tir  two  of  a  half 
per  cent,  solutiejn  of  thuaesciiie  into  the  cunjunctival  Siic,  and 
washing  away  the  excess  witli  water.     Tlie  area  of  the  abiusion 
is  thendiy  rolouri'd  a  vivid  green,  while  the  rest  of  the  comcii 
on  which   the  epithelium   is  iutiiet  renuiiiis  uncoloured.     This 
method  of  Rtainiag  wa«  introduced  by  Straub  84)nie  years  ago. 
I  have  t'liUKtanlly  u.sed  it  Hiuce  then  for  demonstrating  abrasions 
and    superticia!     ulcemtions.    .such    as    dendritic    keratitis,   to^ 
atudenta 

IVnetratiug  woiuuls  of  the  cornea  of  all  sizes  are  caused  eitht 
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yy  sharp  instnimente,  or  by  severe  blows  ^vith  blunt  objecta, 
whicli  Icftd  to  a  bursting  of  the  eye.  Tlie  p'mf/Tumu  in  sufli  {-aftes 
deponds  greatly  ujMtu  the  natuie  4>f  the  injury,  and  upon  tlie  cuiu- 
>licatiou&  A  mere  ctit  of  tlie  coniwi,  if  laade  by  a  slmrj),  clean 
nstntruent,  and  if  not  very  extensive,  always  heals  by  first  inten- 
ion.  If  not  direetly  ojip^tsite  the  pupil,  it  Uiiiy  R'sidt  in  little 
IT  no  interference  with  vision.  One  eircuuistance  not  unlikely 
rf>  happen,  and  whicli  may  eall  for  finr<:ical  interference,  is  a 
indapse  of  a  portion  of  iris  tlirough  tlie  woiiinl.  Whi'U  this 
happens,  ami  the  cose  is  seen  shortly  after  tlie  accident,  the  eye 
ihoiild  he  bathed  well  with  e(irr(»sive  siibhmate  solution,  and  the 
iris,  if  not  mucli  bruised,  returned  by  careful  mauipuljition  with 
t  blunt  instrument  (preferably  one  made  (»f  gutUi-percha). 
Wlien  the  prolapsed  iris  is  aUowed  to  n.Mnain  in  the  woumi, 
lealiiig  by  fii-st  intention  cannot  take  phice,  and  the  curvature 
nf  the  cornea  is  more  or  less  altere*]  ;  besides,  there  is  a  danger 
of  iritis  being  set  up.  If  the  iris  has  been  at  the  same  time 
bruised,  and  the  wise  liaa  only  come  \nider  observation  some 
llays  after  the  accident,  the  imdupsed  portion  shonUi  not  l>e 
replaced,  but  remo\*ed  with  the  iris  foneps  and  scissoi-s.  The 
great  ilunt;cr  in  such  wounds  is  the  possibility  of  septic  matter 
having  Ix'eu  introduced  into  the  eye  by  the  instrument  with 
whicli  the  ac.ci*lent  was  caust;d.  When  Lliis  has  been  the  c^we, 
iiiflammatttry  reaction,  which  not  only  interferes  with  the 
lieulin^  of  the  corneal  wound,  but  which  may  leiul  to  more  deep- 
seated  destrurtion,  is  liable  to  occur. 

Small  particles  of  dust.  coal,  or  metal,  uud  husks  of  grain,  are 
very  liable  to  become  embethled  in  the  ciu'iiea.  The  dist^mce  to 
which  they  enter  depentls  on  their  size  and  sluijie,  und  the  force 
•with  which  they  are  driven  against  the  eye.  In  luosl  cases  the 
foreign  Ixtdy  lies  superficially  in  tfic  (■(»riu'ul  epithelium.  In 
the  case  of  small  portions  of  metal  it  very  often  liappens  that 
the  cornea  is  not  only  wunnlerl,  hut  at  the  same  time  slightly 

I  burnt,  owing  to  the  piece  of  meUd  being  hot  at  the  time  it 
strike-s  the  eye.  This,  which  is  pt»j»ulaiiy  called  a  '"  iirc/'  dillei-s 
from  other  foreign  IxKlies  by  being  as  a  rule  less  tinuly  embedded, 
lowing  to  the  ilestruction  of  the  immediately  sunountling  tissue. 
A  brownish  ring  is  often  left,  too,  after  their  reiiiovid,  partly  an 
eschar  and  pirtly  rust,  which,  if  not  scraped  away,  is  some  days 
in  falling  off.     Usually  n  foreign  b*Kly  gives  rise  in  sudden  pain 
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wluMi  it  l<Hl^*»a  in  the  corncu,  and  often  nnire  or  1'  ■  ^ 
remains  until  it  is  renioveii.     The  pain  is  more  especial ,  1 

plniueil  of  (Ml  movement  of  tlie  lids  over  the  cornea.  Exof^J 
too,  in  the  aiso  r»f  Hnnmih  and  chemically  non-irritJiiing  ^jH 
sttiuccs,  the  eye  becomes  rapidly  injected,  and  the  jMtieut  wi^^H 
from  pliotophobia  and  Inchrymntiou.  Husks  of  grain  beo^^^ 
eml)edded  witli  their  concave  Hurfaccs  towanls  the  cornea,  jSFB 
the  lid  passin^i  over  their  Mniooth  surfaceti  does  not  i^ve  rift-tw  I 
iinuh  jMiin,  The  method  of  removing  foreign  bodies  fnim  tk  I 
cornea  in  descrilx^d  in  <'haptcr  XVIII.  I 

Sf  i.Eun-<_V)UNKAL  Rti'TintEs. — Wlien  the  coats  of  tlieereoel 
ruptured  by  a  severe  blow,  the  line  of  rupture  is  most  f ref^tienlly  I 
roiij^ldy  rniicentric  \vitl»  the  nuirgin  nf  tlie  cornea,  and  fnari  im»  1 
lu  two  niillinu'trc.H  dislaut  fr*»m  it.     The  eye,  in  fact,  givt*  vra;  I 
close  t<i  llie  Iruc  corneo-ecleral  junction  at   the  angle  of  tltcl 
nnteviiir    cliamber.      Sucli    ruptures  are   usually    in   the   u.  ■ 
jwjrtiou  of  lilt*  cnnieo-sclcral  junction,  hut  may  be  in  any  jm- 
it.     T[u»y  nu-cly  if  ever  involve  the  ciliary  lK>cly.     Whew  hip 
they  may  permit  of  the  esciqic  of  the  lens,  ami   it  is  in  llii? 
way  that  a  Huhi-oiijuuctival  ilislorution  of  the  lens  take**  pUir, 
The  vitreous,  too,  and  even  the  retina,  may  be  propelled  ihnjugl 
an  extensive  rupture  of  tliis  nature.     A  lesn  extensive  w-'un' 
geucndly   pvcw  lisc  id  ijuite  a  cliaracteristic  apj>eai>uice. 
portion  of  tile  irLs  becomes  prolapsed  into  it,  so  that  tlie  centn^ 
of  the  ]mpil  is  drawn  to  the  wnuml,  and  an  apjMirtuit  colr»Uinu 
results.     Tlu'  toujuuctivit  which  remains  intact  is  often  raLsini 
tfio,  in  tiu'  form  of  a  hlelt  over  the  wonntl  by  a(|Ueou&  huiuur 
intiltratcd  below  it,  and  t lie  escape  of  aqueous  in   this  manner-j 
lisidK    to    a    luarkfd    .shallowing    or   abulitiou    of    the  anterio 
chitmber. 

*)wiug.  no  doubt,  to  the  integrity  of  the  conjunctiva  as 
j^eucml  rule,  ciirnco-sclenil  rujjtnrea  are  rarely  followed  bysevei 
intlannuation.     On   the  other  liand,  they  seldom  heal  withn 
leaving  a  great  deformity.     Tins  ia  due  to  the  separation  of 
lips  of  tile  Wound  by  ])rolapKed  iris.  &c.     On  this  *u;connT.  the; 
usually  <')ill  for  opcrati\e  trttttrtu'tU,  which  should  not  l>e  undtr- 
taken  witiu)Ut  the  UHUtd  antiseptic  precautions.     In  fresh  w 
an  opeinng  should  be  made  in  the  conjinictiva  a  quarter  of 
inch  or  HO  beliinti  the  ru]»tmc,  and  ]mnillel  with  it.     Tlie  c<tn- 
juucti\a  sliould  then  l»e  undernnncd,  ho  as  to  form  a  Hap.  whie 
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can  be  lifted  away  from  the  wound.  When  this  has  been  done, 
the  prolapsed  iris  is  removed  as  completely  as  possible,  so  as  to 
admit  of  the  edges  of  the  wound  coming  in  contact.  The  con- 
junctiva can  then  be  carefully  stitched  over  the  wound.  There 
18  rarely  any  use  tryii^  to  replace  the  prolapsed  iris,  as  it  is 
generally  lacerated  as  well.  In  cases  which  have  been  allowed 
to  heal  after  the  accident,  and  wliich  have  resulted  in  great 
deformity  and  corresponding  interference  with  vision,  a  method 
of  operating  advocated  by  Nuel  would  seem  to  offer  the  best 
chance  of  improvement  (see  Chapter  XVIIL). 

Deposits  in  the  Cornea. — Some  metallic  salts  used  in 
solution  as  lotions  for  the  eye  may  leave  deposits  in  the  cornea. 
This  danger  is  greatest  with  lead  lotions,  which  should  never  be 
used  where  the  cornea  is  inflamed.  A  white  deposit  of  lead  is 
very  rapidly  formed  on  the  surface  of  a  corneal  ulcer,  and  may 
often  occasion  much  greater  defect  of  Wsion  than  would  arise 
from  simple  cicatrisation.  As  such  lead  ileposits  are  generally 
superficial,  more  or  less  improvement  may  result  from  scraping 
them  away.  Xitrate  of  silver  in  the  same  way  may  lead  to  an 
opacity,  but  this  is  not  nearly  so  unsightly,  being  a  deposit  of  a 
number  of  more  or  less  closely  packed  brownish  or  black  dots. 
A  much  more  prolonged  use  of  this  substance  is  required,  tfX),  to 
produce  much  staining,  than  is  the  case  with  lead  lotions. 
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CHAPTER    V. 

DISEASES  OF  THE  CKYSTALLINE  LENS. 

Anatomy. — Several  changes  Uika  place  iu  the  leus  during 
life  In  the  yuung  it  is  perfeetly  colourleHS ;  later  oil  iii  life  it 
is  yellowish.  The  timiige  in  cvluur  is  iiccumpuuied  hj  an  altora- 
tiou  in  cottM&Unnj,  hriiigiug  with  it  a  iliminution  of  cla-slicily, 
which  is  the  cause  of  the  gi'adually  diminishing  amplitude  of 
acc'«innio(lation  met  with  hw  a;;e  aihances.  The  nlmpt'  of  the 
lens  is  much  more  globular  iu  infancy  and  childlhxjd ;  the 
iucrease  which  takes  place  is  therefore  mainly  at  the  eijuutor. 
In  this  way,  too,  the  dioptric  value  of  the  lens  accomiuodAtes 
itself  to  the  chancre  wliieh  takes  pltiec  in  the  length  of  the  eye 
as  it  increusea  in  size. 

The  growth  of  tlie  leus  has  heini  shown  hy  Priestley  Smitli  to 
take  place  tiiroughout  life,  and  not  to  cease  with  the  attainment 
of  adult  life.  Fi'oni  25  to  OiJ  its  weight  and  volume  are  in- 
creased by  one-half,  and  its  diameter  by  one-tenth. 

'llie  explauftti(jii  pvt*n  by  Priestley  Siuitli  of  this  fijct,  which  is 
not  without  inipi>rtnin;c-  with  rofLTcnce  to  possible  disease  in  advanced 
Hfo  (see  Chuptcr  on  Sympfithotic  ( ►iihthalniitia)  is  as  follows  : — **Tho 
Ions  is  derive<!  from  the  culicular  epiblnsl.  nnd  its  mode  of  growth  is 
imalogous  to  the  initicle.  But  its  cells,  unlike  thfjse  of  the  cuticle, 
arc  not  on.st  off  iis  they  y-v^ny  old  ;  they  are  laid  down  layer  \\\i>ou  layer 
within  [I  closed  (.•sii>suh',  i\\v  younger  fibres  surrounding  the  oldt?r. 
In  ccin.stxpK'nco  of  this  uni(|in?  arningoment,  and  in  spite  of  the 
shrinking  of  the  older  ci'lls  whicli  form  tJie  nuclvus,  the  growth  of 
tlip  lens  does  not  cense  with  that  of  the  rest  of  tlie  btMly,  hut  is 
coutinuoue  unless  some  morbid  process  intervene,  throughout  the 
whole  iieriod  of  life."  fl 

Numerous  nieasurenjents  which   Priesiley  Smith  has  made 
give   to   the   luns  an   altogether  greuter   thickness    tlian    it    is 
generally  supposetl  to  have.     The  fibres  towards  the  centre  of  H 
the  lens  arc  more  compjt.»ssed   than  the  superficial  ones,  and 
coutaiu   less   walei*.   but   never   any   keratine.      The   lamellar 
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^'■^^ngement  of  the  lens  fibres  can  be  seen  by  macerating,  by 

■^K'h  means  a  separation  i:»f  the  difterent  iamella?  takes  place 

/**  »iier  than  a  dissociation  of  the  individual  tibres,  the  ceiuent- 

8    subsLauce  being  present  in  greater  quantity  l»etween  the 

R€>s   of   the   fibres   than    between  their  surfaces.      There   is 

PI       J^radual    increase   in    the   rtfraclive  ijulex  of   tlie   difterent 

I^I^Xiell.'e    passing  from  the  surface  to  the  centre   of  the  lens. 

*^i-s   ditt'ererice  becomes  less  umrked  as  iige  advances  by  the 

'^^liinil   development  of  ft  hard  central  ])ortiou,  the   so-called 

^**cUhs,  which  becomes  apytareiit  about  the  time,  or  shortly 

^"t^r   the  juritxl  of  full  growtli,  and  slowly  invader  the  moi-e 

Superficial  portions  of  the  lens,  tlie  refractive  index  (»f  whicli, 

^sofrresponding  to  the  greater  density,  is  increased.    The  refractive 

index  of  the  superficial  tibn»s  nf  the  lens  dift'ers  Imt  slightly  in 

the  eyes  of  young  indi\  iduals  from  that  of  the  aqueous  humor. 

The    increase  in  refracting  power,  which  comes  on  with  age, 

l>rings  alxiut,  however,  a  considerable  difference  K^tween  that  (tf 

the  lens  and  aqueous  where  they  meet,  and  the  retltH-tidn  of  light 

from   the  surface  of  the  lens  iu  old  people,  which  this  abrupt 

change  in  refractive  power  admits  of,  is  the  cause  of  the  grejish 

and  semi-opiique  appearance  of  the  pupil  which  is  so  fre<iuently 

observed. 

The  cajwule  of  the  lens  is  a  Iiigldy  elastic,  and  to  all  appear- 
ance homogentH3us  meudirane,  which  attains  its  greatest  thick- 
ness at  the  anterior  portion.  AVhile  the  lens  fibres  are  known 
to  l>e  histogenetically  epithelial,  it  still  remains  do\iVitful  whether 
the  capsule  is  oiiginidly  nn  epitlieliol  or  a  connective  tissue. 
The  latest  investigations  indeed  seem  to  point  to  a  <iouble  origin. 
Tlie  anteritir  portion  of  the  capsule — what  is  usually  Hpuken  of 
aa  the  anUrivr  rapsnk — is  covered  on  its  inieruiil  snrfiu.t'  by  a 
single  layer  of  epithelial  cells,  which  play  an  important  part  in 
tlie  piiysiology  of  the  Ions. 

Tlie  n*)rmrtl  p<miion  of  the  lens  is  that  in  which  it  is  sus- 
pcniled  at  an  e(|ual  distance  all  round  from  the  circular  ciliary 
Ixxly,  so  that  its  axis  is  nearly,  if  not  absolutely,  centred  with 
that  of  the  cornea.  The  centre  of  tlie  aiiterior  surface  lies  in 
the  same  plane  as  the  iria.  while  the  equatijr,  owing  to  the 
cur\'ature  of  tlie  surface,  is  considerably  behind  that  plane.  A 
apace  is  tljerefure  left  Ixdween  the  [Hfitcrior  snrfiHc  nf  the  iris 
and   the  anterior  surface  of   the  lens.     This   is  the  so-called 
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podrrior  aquemts  ckamhtr.     The  suspensory  ligament  of  the 
or  umulc  of  Zinn,  whicli  is  a  diil'erentiatiou  of   the  hy 
uieuibrane  of  the  \itreou9,  has  au  extensive  attachment  to 
processes  of  tlie  ciliary  body.     It  does  not.  however,  folio*  t 
ihe  depresfiiuns  in  tliese  processes,  hut  is  firuily  attach''*'  * 
elevations.      Spaces — the  so-called   receases   of   the   ; 
aqueous  chamber — are  thus   h^ft   l>elween  it    and    the  uiw* 
processes.     It  is  at  its  other  euil  closely  fused  with  the  Wn- 
capsule,  more   partiijularly   the   anterior  capsule.     Tlie  iui< 
mediate  free  portion  uf  the  menibnme  fills  in  \\xe  pert- 
spttcc.     This   portion   appears   to   be    nairower   the   om  : 
individual.     Behind  the  zonule  nf  Zinn,  and    between  it  «Jii 
the  vitreous,  or  more  correctly  between  the  fibres  of  the  zf^nvk 
which  pasti  to  the  anterior  and  those  which  pass  to  the  |i«>st*TU« 
capsule,  is  a  space  called  the  canal  of  Petit,  which  is  nf  impcBV 
auce   in   conni'ition   witli   the    nourishment   of    the   h  "" 

intimate  structund  as  well  as  anatomical  connection 
exist  between  the  suspensory  ligament  and  tlie  vitreous  uvt 
anterior  ptJTtian  of  the  uveal   tract,  render  a  jwirticii' 
thnt  structure  in  deep-seated  diseases  of  the  eye  not  \u\  ■  ^ 

Catakact. — When  the  lens,  which  in  its  physiological  stola 
is  traiisjiajcnt,  bt-coiucs  cipa([ue,  then*  is  siii<l  to  l>e  catanKt 
The  fjpiicity  may  in\olve  the  whole  or  only  a  pt»rtiou  or  portions 
of  the  lens,  i.e.,  the  cataract  may  be  rmnpldc  or  prtrtiaL 

Anntomi<'ally,  we  may  distinguish  two  forms  of  cataTftOt— 
(1.)  Lattifttlftr  cataract ;  (2.)  CopanUir  c*iiaract.  The  first  fonni* 
a  result  of  the  opacity  of  the  lens  tibres  or  true  lens  substaat*. 
the  second  of  the  cells  lininj;  the  capsule  of  the  lens.  The  t«^ 
forms  may  exist  together  or  separately. 

Clinically,  cases  of  cataract  may  be  grouped  with  advant^ 
under  the  following  heads: — (I.)  Smiir  cataract,  in  which  U»e 
opacity  is  due  tn  an  idiopiithic  ilegenemtive  change  in  the  leitf 
substance,  imconnected  necessarily  with  any  other  condilioQ 
whicli  leads  to  an  impairment  of  the  functions  of  the  ejr. 
According  to  the  extent  as  well  as  the  nature  of  this  de^»ener*- 
tive  change,  difl'ereut  clinical  sub-groups  have  to  be  distinguishc^L 
(2.)  Juvrnilf  and  congenital  cataract,  of  which  there  are  id-^ 
various  forms.  (^.)  Complica/al  or  sccomfan/  cataract,  in  which 
the  opacity  of  tlie  lens  is  the  result  of  more  or  less  destructive 
changes  in  the  deeper  parts  of  the  eye.     (4)  Travmalic  calanwt 
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and  (5.)  After-cataract,  or  the  opacity  which  remains  or  becomes 
developeil  subsequently  to  the  removal,  hy  artificial  or  nutural 
means,  of  the  ojiuijue  lens. 

The  transparency  of  the  lenH  is  only  raainUiiued  when  no 
great  chanj^e  takes  place  in  its  nutrition.  A  normal  nutrition 
requires,  as  h  rule,  a  normal  position  of  the  lens,  ami  always 
integrity  of  its  capsule.  The  main  cau>»e  of  opacity  a]tpears  tti 
be  a  too  rapid  or  irre{j;ular  abstraction  of  fluid,  whicli  \s  favoure<l 
by  wime  interference  with  the  supply,  or  some  abnormality  in 
Use  x-econstitution  of  the  nutritive  lluid. 

It  is  oidy  in  eyes  wliere  no  nucleus  has  yet  formed  in  the 
lenit,  and  therefore  in  the  yitung,  that  the  whole  substance  of 
the  lens  is  capable  of  uudei^oing  a  degenerative  change  which 
leads  to  soft  cjitanict.  The  nucleus  may  lose  much  of  its  trans- 
parency from  sclerosis  and  increasing  coUtratiou,  but  it  is  not 
the  same  pi-oceSvS  of  degeneration  as  takes  place  in  the  less 
altered  portion  of  the  lens. 

Senile  cataracts  are  nf  two  kinds — cortical  and  nuclear.  The 
former  is  much  the  more  common.  In  this  form  unly  that 
portion  of  the  lens  which  sun-ounds  the  imcleus  beconu's 
opaque.  The  cjjIout  of  sucli  catai-act**,  wlien  the  whole  of  this 
portion  (the  cortex  of  the  lens)  lias  liecnme  opaque,  depends 
on  the  si7x*  and  eoh.iur  uf  the  sclerosed  nucleus,  as  well  as 
on  the  degree  of  opacity  of  the  cortical  layere.  When  the 
opacity  is  dense  and  the  nucleus  small,  a  very  uniform  white 
appearatKte  is  met  witli ;  on  the  other  hand,  a  greyisJi,  and 
often  yellowish  tinge,  is  given  to  the  cutJiraet  by  the  shining 
through  of  a  lai-ge  nuekais.  In  the  tii-st  case,  the  cataract  is 
cc»ui  para  lively  soft;  in  tlie  second,  it  is  what  is  calletl  hftrd. 
As  tt  genenil  rule,  it  may  be  Uiken  that  the  older  tlie  indi- 
vidual is  l>efnre  tlie  cataract  iK^gins,  the  lai-ger  is  the  sclerosed 
central  porti<m,  and  the  smaller  the  cortical  opacity. 

By  observing  careftdly  the  colour  of  a  cataract,  which  can 
only  be  done  by  dilating  the  pujiil  well,  a  fair  idea  can  U» 
formed  »is  to  its  consistency.  iSuch  an  examination  should  be 
made  a  matter  of  routine  practice,  as  the  result  of  it  may 
;eusionally  inthiencc  the  ehnicc  of  op^M-ation.  A  eonipanttividy 
*aoft  senile  cataract  can  l>e  extracteil  througli  a  smaller  incision 
iuto  tlie  eye  than  a  hard  one,  antl  at  the  same  time  cause  less 
bruising  to  the  iris,  but  too  much  confidence  should  not  be 
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placed  on  the  diagnosis  as  to  cousistence ;  moreover,  when  the 
iacision  is  uiade  in  the  corneo-scleral  mni-gin,  and  antiseptic 
prpcantions   taken,  the  necessity  for   making  it   aa   small   iia 
possible  is  not  so  great  as  in  the  case  of  a  c«>meAl  section,  which 
is  not  mndi  ]>mctised  now.     The  colour  of  the  o|)iique  lens  luuy  ^ 
be  bluish,  white,  (»r  more  or  less  yellowish,  and  even  brown.  ^ 
Bhii.sh  cjitanic'ts  in  young  people  hHve  gcnoriiily  also  a  mother- 
of-pearl-like  slieen,  and  are  always  soft  and  swollen.     A  siiuilar 
appeanuicc  lu  older  individuals  indicates  softness  of  the  cortical 
nxntter,  but  the  existence*  at  the  sanu>  time  (»f  a  hanl  nncleuB^^ 
correspomlin;^  to  the  nj^^e  of  the  patient,  nmst  not  be  foi'gotteii,  ™ 
Wliite  cataracts  may  be  either  hard  or  soft;  they  are  hard  when 
ilistinctly  stnated.  soft  >vlien  Iiomo<feiieou8  or  merely  spottecL 
Yellowish  or  bn»wnish  caUirfu-lH  arc  hard. 

An  abnormal  degree  \\l  sclenisis  may  involve  the  whole  lens^l 
which  in  such  cjisi'S  is  smaller  than  normal.  This  rtnly  <K\'urs,' 
as  a  rule,  in  very  old  people,  and  conies  on  very  slowly.  This] 
fonn,  in  which  no  true  cortical  substance  remains  to  undergo 
degenerative  clmnges,  ami  yet  the  sclerost-d  purtion  l)ec*.tme8' 
greatly  deprived  of  its  Iniusparcucy,  is  what  may  be  culled| 
nuclear  senile  cataract.  Often  the  lens  is  verj'  tlarkly  coloured,] 
when  the  cataract  is  said  to  be  "black."  Nuclear  cataract 
therefiu'C  essentially  a  hard  catanicl. 

Ordinary  senile  cataract,  where  there  is  a  certain,  though 
varj'ing,  pr^>]>^trti(^n  of  cortical  substance,  liegins  appaivntly  as- 
the  result  of  stnue  irregularity  in  the  pmcess  of  sclerosis  *>f  thej 
central  portion.    Acconling  to  Priestley  Smith,  a  decrease  ii 
size   and  weight    of    the    whole    lens    prec«^les    the    formation 
of   CHtJiract.      The    Hi-st    signs   are  to  lie   seen    in    the  region 
between    nucleus    iuul    ctirtex.      Vanously    shiiped    oj^icities,] 
mostly  radiaLing    lines    or   stria*,  wliicli    apjiear  white    by   re- 
flected   and    black    by    tntnsuntt^l    light,   occur    hei-e ;    tliese' 
giTidually  liecome  confluent,  and  extend    tftwarda  the  capsule,. 
This  cliauge  is  often   a8.*viciated  with  considerable  increase  iu 
volume,  su  tiiat  the  iris  is  pushed    torwards  and  the  anterior] 
chamlx'r  shallowed. 

Wlicn  the  whole  cortex  has  U^come  opaque,  the  catanict  iS' 
ftjiid  to  l»e  mature  or  n'pe.  The  term  has  reference  t<»  its  theaj 
being  capable  of  being  shelled  out  of  its  capside,  to  which  it  is] 
otherwise  s<jmewhat  adherent.     IIktc  is  considerable  diflereuoe 
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however,  in  ripeness  taken  in  tliis  sense,  as  in  some  cases,  even 
^luii  the  4.pacity  extends  right  uj*  to  the  capsule,  the  adhesion 
'^tween  lene  substance  aiiJ  i^apHuIe  ik  pretty  Hmi^  whereas  in 
^ther  c-iises  again  a  aeiui-opatpie  leus  sej>anites  ven*  completely 
Hiiil  readily  inrnx  the  capsule.  It  is  not  aa  a  rule  difficult  Ui 
^kt  out  if  the  upacity  reaches  to  the  capsule  or  nut;  where 
Uiere  is  any  doubt,  the  diagnosis  naay  be  assisted  by  idjserving 
rfaetiier,  wlieu  a  light  is  held  to  one  side  of  the  cnniea,  the 
irtion  of  the  iris  to  the  same  side  throws  aiiv  sluiduw  on  the 
[ue  lens;  if  it  does,  there  must  be  an  inlerveniiiji  jKnliou  of 
tmnspjirent  lens.  It  must  not  W  forgntten  that  a  similar 
aliadow  imiy  be  seen  in  cases  of  uvej^-ripe  aitaraet  These  eases 
may  be  diagnosed  by  obser\'ing  t-luit  tlie  anterior  surfai^e  is  at 
the  same  time  tlattened,  where^us  the  unrij»e  cataract  presents 
a  distinctly  curved  surface.  Treiuult>usuess  i»f  the  iris — iri<lo- 
donesis.  is  also  frequently  met  with,  where  the  cataract  is  over- 
f,  and  has  undci^^Miie  ix'trogressive  changes. 
After  the  condition  of  ripeness  has  existe*!  for  a  longer  or 
shorter  time,  further  changes  may  take  place,  which  are 
characterise*!  as  stages  of  over-ri|>eness.  The  opaque  cortical 
substance  may  to  some  extent  shrivel  from  loss  of  fluid,  and  in 
this  way  a  little  of  the  sight— as  a  rule,  only  a  \evy  little — l>e 
regained  A  little  trembling  of  the  iris  with  the  movements 
of  the  eye  i.s  often  olwervjible.  Usually,  to^i,  dense  white 
p4.>inl«  or  irregular  lines  are  to  be  seen  in  the  len&  On  the 
other  hand,  and  much  less  fre«]uently,  the  cortex  may  liec'ome 
more  tiuiil,  Ui  such  nn  extent,  indeed,  that  the  nucleus  moves 
about  in  it,  and  gravitates  to  the  lowest  point  of  the  letia. 
Such  Huid  ealaracLs  iii*e  called  Mtmjatjaian,  Tlie  ilorgugnian 
catanict  is  easily  distinguished,  t*X),  by  the  position  of  the 
yellow  nucleus  wliich  has  sunk  to  the  bottom  of  the  opacity. 
Ilie  diagnosis  may  often  be  made  without  dihiting  the  pupil,  by 
observing  the  ditrereuce  in  colour  i>f  the  ojwicity  wheu  the 
{lutient  is  standing  up  or  lying  down.  In  the  former  case  it  is 
generally  yellowish;  in  the  latter  nulky  white. 

The  time  which  elapses  before  a  senile  cataract  becomes 
mature  varies  within  very  wide  limits.  It  is  impossible  in 
any  particular  case,  as  a  nde,  to  predict  even  approximately 
how  long  the  existing  opacity  will  take  to  become  complete. 
No  regularity  is  shown  in  the  process,  which  at  times  advances 
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mure  rapidly  than  iit  others.     Some  cases,  for  instnnct. 
advance  till  a  eonsidoniblc  degree  of  opacity  is  re^l  ■ 
then  \n\\y  progress  slowly  to  maturity,  while  others 
slowly  at  Hrst,  and,  after  reaching  a  certjiin  stage,  verr ' 
end  in  com]>lete  opacity.     I'robably,  however,  no  crises  i 
aKsolntely  stationary  when  once  a  separation  has  taktn 
Itetween  the  nucleus  and  cortex,  and  stria?  are  seen  beginniiigii 
the  region  between  them.     In  caA(*s  where  small  05>aciti«iB 
found  in  other  situations,  there  does  appear  to  be  somepc«i- 
bility  of  tfie  condition  remaining  stationary — at  all  evenU  \t 
some  considerable  time. 

The  degree  of  blindness  to  wliieh  the  progressing  catnmt 
gives  rise  depends  a  good  deal  tm  the  site  of  the  inlrausjiftinil 
portions  of  the  lens.  If,  for  instance,  as  often  happeus. 
cortical  subatance  in  the  pnjiillary  urea  is  more  affected  i 
elsewliere,  tlie  vision  is  more  seriously  interfered  with  tliatf 
the  eaae  where  tlie  same  degi'ee  of  opacity  exists  at  antf 
part  of  the  cortex.  In  such  cases  vision  is  letter  in  the  shade 
tliau  when  the  pupil  is  more  contracted  by  a  strong  ligbl, 
and  a  temporary  benefit  may  be  got  by  the  use  of  a  weak 
mydriatic.  Less  frequently,  owing  to  the  scvittering  of  the  light 
passing  througli  the  lens,  or  the  ]>olyopia  wbicli  is  produced  by 
the  formation  of  separate  images  by  the  difl'ereut  segments  nf 
the  lens,  vision  is  considerably  improved  tmder  conditions 
which  give  rise  to  contraction  of  the  pupil,  so  that  some  bendil 
is  derived  for  a  time  by  the  use  of  a  myotic  or  a  stenopaic  slit 

When  a  cataract  is  ripe,  the  vision  is,  as  a  rule,  reduced  to 
mere  perception  of  light ;  hnt  wliere  the  opacity  of  tlie  len* 
is  unaccompanied  by  any  other  atl'ection  of  tlie  eye.  this  pen^p- 
tion  is,  except  in  the  cases  of  extremely  dense  ca^taraets,  very 
delicnte.  The  simytlest  way  of  testing  the  light  j>erception  is  to 
throw  light  retiected  from  a  gas  jet  into  the  eye  with  the  oph- 
thalmoscope. The  room  should  be  darkened  and  the  light  be 
sliaded  from  the  patient  By  turning  the  gas  down  or  up  it  is 
easy  to  dctei mine  the  smallest  auiuunt  of  liglit  which  is  jusi 
distinguishable  from  the  light  of  the  room.  Another  wbt 
which  is  often  practised,  and  which  affords,  too,  a  means  of 
readily  compaiing  the  uL-uily  of  the  liglit  perception  in  dif- 
ferent cases,  is  to  hold  a  lighted  candle  iu  front  of  ibe 
patient  in  a  dark  room,  und   notice  whether  he  distinguishes 
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between  light  and  darkness  when  the  tiamc  is  Bhac1e<l  hy  the 
or  allowed  to  remain  uncovereri  Except  in  tlic  very 
cataracts,  the  ilifferoncu  shimld  l>e  readily  ujipix^ciated 
when  Uic  flame  is  from  fifteen  to  twenty  feet  distant  from  the 
ptti«ot*8  eye.  Owing  to  the  difTuj^ion  of  the  light  which  is 
ratmid  by  the  upaque  lens,  the  intensity  of  illumination  is 
approximately  inversely  as  the  s<)uare  of  the  distance  at  which 
candh'  is  h4>l<l. 

Btil  «3  tlic  difTusion  is  never  complete,  and  a  certain  degree 
of  refractive  power  always  remains,  the  patient  should  also  be 
re  there  is  no  complication,  t^i  appreciate  fairly  well 
,j  rion  from  which  light  falls  into  the  eye.     This  may 

be  tested  by  tutking  him  to  point  out  the  position  of  the  flame 
(i|  a  candle,  held  in  succession  at  ilifferent  p^irts  of  the  field 
of  vision.  A  giM^wI  projectiim  indicates  almost  always  not 
only  a  tolerably  free  tield  of  vision,  but  also,  as  the  patient 
directs  his  fovea  t<i  ilie  light,  an  intact  central  vision.  The 
rxistezkce  of  >ery  small  central  scotomata,  however,  may  be 
ov<?Tln<ikcil,  hut  such  casRs  are  extremely  rare.  When  the  light 
ariMe,  teete<l  with  the  pis  jet  and  ophthalmoscope  mirror,  or  the 
candle,  appears  tiefeetive,  a  more  uccumte  test  may  l>e  made  by 
nifauA  of  von  Graefe's  photometer.  A  very  low  value  obtained 
thift  manner  is  an  almost  certJiin  pnxif  of  the  existence  of 
^tocheal  rtaina. 
This  losM  of  all  vision,  with  the  exception  of  light  perc^eption, 
ikh  characterises  most  cataracts  which  are  ri{>e  for  operati<»n, 
not  always  l>e  taken  as  the  criterion  of  maturity.  In 
caKen  of  hard  cataract  there  is  considerably  more  vision 
this:  the  patient,  for  instance^  being  often  able  to  count 
chifle  to  the  eye,  so  tliat  if  one  were  to  wait  for  complete 
before  operating,  much  time  would  l?e  lost  to  the 
It  Fortunately,  although  senile  cataract  almost  invari- 
Ij  affecta  both  eyes,  thei-e  is  i^ften  a  considerable  time 
itervening  Itetween  the  time  when  maturity  of  the  catiiract 
reached  in  each  eye,  so  that  if  an  o)^>erati<>n  be  undert<aken  as 
[Njn  n»  the  Hrst  cataract  is  ripe,  the  patient  is  not  rendere^l 
kloolutely  helping  by  the  disease.  Wieu  l<tth  eyes  are  pretty 
[Rally  affect^Ni  at  a  stage  wlien  most  useful  vision  is  last,  an 
ktteinpt  may  Ikj  mu*le  U\  hasu-ii  the  maturity  of  the  one,  or  an 
etlTMtion  may  be  undertaken  rather  sooner  than  would  other- 


t6o       DISEASES  OF  THE  CRYSTALLINE  LENS. 


artificially  ripening 


I 


wise  be  done.     There  are  several  wayi 

senile  eaUnut.  iiutie  of  wliio}i  is  very  eeriain  in  lis  enecu  wne 
method — that  wliich  ha.s  been  longest  in  use — is  to  make  a 
small  opening  in  the  capsule  with  a  cataract  needle,  at  the  same 
liuie  sliffluly  stirrin*:  iip  the  cortex  with  the  end  of  ihi 
aetnllo.  If  thiii  is  iloue  too  freely  it  is  apt  to  give  rise  to  irrit 
tion^  or  even  inflammation,  which  may  necessiwte  an  extracti 
UTider  circinustain'cs,  too,  which  are  not  then  so  favotutiMe  fo 
h(^alii]g.  IL  is  frwineiitly,  more  uspurially  in  the  harder  forms 
of  cataract,  of  no  avail.  Another  method  consists  in  the  per- 
formance of  iridw^tomy,  an  operation  which,  when  done  with 
this  object  in  view,  or  for  other  reasons  when  caUiract  is  preseui, 
is  called  prcliinifuirf/  iridecJomy.  This  is  not  only  a  harmle.ss 
practice,  bnt  one  which  rather  lessens  the  risk  of  the  subseijueut 
extractioii.  It  ih  iai])oHMihIt»,  however,  to  f<»retell  on  wliich  uis€»s 
it  will  have  tiie  deaiivil  eH'ect  of  hastening  the  completion  of  the 
opacity,  rndoiibtedly  a  greater  number  of  cases  are  rijieued 
when  the  iridectomy  is  coiiibiued  with  u  kind  of  massage  of  the 
cupsule,  a  proceeding  recently  introduced  by  Forster,  and  which 
may  be  ])crfornicd  either  through  the  cornea,  or,  with  proj>er 
prec^iutions  as  to  pressui-e  and  antiseptics,  directly  over  the 
capsule  itself.     This  is  seldom  followed  by  any  irritation.  ^| 

Sometimes  the  anterior  rapsule  tff  t!u;  lens  y)articipates  irt^ 
the  cataract,  that  is  to  say,  the  cells  lining  tht^  inner  surface  of 
the  capsule  proliferate  and  hise  their  transparency,  tlic  mass 
formed  having  much  the  api>earance  of  connective  tissue  with 
deposits  of  filtriu.  A  capsular  caturact  is  more  especially  met 
with  in  lenses  which  have  become  slirivelled  and  over-ripe. 
It  is  rare  that  the  opacity  extends  beyond  the  limits  of  a 
mo^leralely  sized  pupil.  If  the  cataract  be  examined,  with  the 
pupil  dilated,  bef(»re  an  operation  is  undertiiken.  the  capsular 
opacity  cannot  well  escape  detection.  It  is  intensely  while, 
and  freipiuutly  presents  an  irregular  jagged  outline.  In  cases 
of  this  nature  tlie  capsular  foa-cps  should  be  used,  instead  of 
the  cystotome  (see  chapter  on  Operations),  or,  if  the  case  be 
suitable,  the  lens  removed  iii  its  capsule  by  ragenstecher's 
method. 

No  certain^  constant  connection  l^etween  senile  cataract™ 
and  any  other  disease  has  as  yet  been  definitely  esUiblishedJ^ 
There  is  an  undoulited  hereditary  tendency,  which  appears  to 
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by  the  male  rather  than  the  female  line,  although  the 
i»  no  uiore  frniueiit  in  Uio  one  S4!x  than  the  other, 
^Stfany  individual:!!  with  senile  cataract  exhibit  iuj  oilier  8jmp- 
totD9  uf  aeuility ;  in  others,  atheromatous  degenerations  of  the 
•rtericA  an*  more  or  less  evident.  l)iul)ete.s  sometimes  co-exists 
with  senile  cnt^iract.  In  uitist  ca^es  there  is  probably  no  con- 
nection l>et\veen  the  two  conditions,  although  there  undoubtedly 
pxiftiA  n  true  dialietic  cataract.  It  bus  not  yet  l>eBU  satisfactorily 
fthovm,  however,  how  diabetes  pro<luce3  cataract.  Only  a  very 
'•mall  number  of  diul>etic  Cfises  ure  coutplicated  by  cataract,  and 
rvpeated  ex]>erinicnts  make  it  ap[)eHr  pretty  certain  that  the 
innaU  Amount  of  sugar  contained  in  the  nutrient  tluids  of  the 
eye  csnnot  l»e  the  direct  cause.  It  is  moi-e  prolmble,  indeed, 
thai  the  malnutrition  and  general  cachexia  give  rise  to  the 
letiticular  opncity  in  those  preilisposed  to  cataract,  or  in  whom 
the  conditions  are  otherwise  favourable. 

£lioiogy  of  Srnilr  Cntftrad. — Some  ad^'ance  lias  jjceu  made 
in  recent  years  in  our  knowledge  of  the  etioU»gy  of  cataract  by 
the  Ktudy  of  calanirt  produced  artificially  in  animals.  It  tuis 
been  found  possible,  by  feeding  animals  on  certain  substances, 
lo  i^ve  ihem  cjit^Lract.  It  i»  the  observatit)u  in  the  living 
animal  of  the  earlier  stages  of  such  cataract  that  seeuis  to  throw 
light  on  the  cause*  of  senile  catiinict.  A  very  plausible  ex- 
pUnatiou  is  thita  aflbrded  of  liow  it  is  tliat  in  otherwise 
bmltliy  eyes  the  lenses  may  become  ojHique  and  undergo  the 
dc^nerative  changes  which  characterise  the  condition  of 
eatankct. 

So  far  as  experiments  have  as  yet  gone,  feeding  with  nuph- 
tboline  ap{)nus  to  be  the  most  suitable  means  of  producing  the 
artififnol  cataracL  Xaphthaline  cataract  was  Hmt  described  by 
Booclutrd  and  ratuiii.  but  Magnus  has  the  credit  of  having 
etndietl  it  in  a  manner  which  permits  of  inferences  being  fairly 
drawn  with  rc4|>ect  Uy  the  etiology  of  aucoruplicate<l  senile 
CfttarncC  Tlie  first  phase  in  the  develojMuent  of  the  opacity  of 
the  Isnfl  am  Ijo  seen  wiihin  ten  hours  of  beginning  feeding  with 
3  tij  4  grammes  of  naphthaline  ]>er  kilo,  of  animal  weight. 
inling  to  Mainius  what  in  then  seen  is  a  nnnd)er  of  very 
[•dear  striye  jiassing  from  the  eipiator  of  the  lens  towards  its 
polea,  These  are  found  to  lie  caused  by  little  ftdds  or  depres- 
aiucks  of  \*arying  deptli  on  the  lens  surface.  The  folds  involve 
11 
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the  cH]i8ule.  Tlie  lens  Hbres  and  epithelium  are  i»erfectly 
healthy  and  transpai*ent.  The  folds  are  without  doubt  produced 
by  ahriuking  of  the  lena.  A  siniilar  appe-arance  is  brought 
about  by  drjing  tlie  lens  when  removed  from  the  eye  in  a  hot 
diamber.  This  initial  shrinking  prope,ss  is  shown  in  Fig.  4-L 
This  first  phase,  in  whifh  the  lens  rthies  retain  their  trans- 
parency, is  shfjrtly  followed  by  a  secorul — the  stage  of  ojiacity. 
An  iuiport^mt  fact  in  connection  >vith  the  appearance  of  Oj>acity 
is  that  it  always  begins  in  the  same  parts  of  the  lena  It  begins 
in  two  zones,  one  of  which  lies  inimediat'Oly  behind,  and  the 
other  imuiediutely  in  front  of  its  equator.  Almost  invariably 
the  posterior  zone  is  the  one  which  shows  the  greatest  degree  of 
opacity,  see  Fig.  45.     These  ;^oues  of  opacity  gradually  iucrea&u 


^ 


Fia.  44.— AppeAmnoe  in  lenn  pro- 
duced by  naphthaline,  early  st»gt^ 


Fi«.  45. — ApiwAraiine  in  lens  pro- 
rluct:^  by  tiAphtbAline,  late  sta^fv. 


in  breadth,  spreading  therefore  fixini  the  e()uator  towards  the 
poles.    In  addition,  however,  there  is  a  sepamte  area  of  opacity 
to  l»e  seen  at  the  posterior  pole.     As  tlie  opicity  in  this  situa- 
tion increjises  in  size,  it   meets  that  which  s]»read.s  from  the.^j 
posterior  e(]uatorial  zone.  ^^| 

If  the  naphthaline  feeding  be  sto])|x;d  in  time,  the  opacities^^ 
gradually  and  completely  clear  nj).  This  takes  jdace  even  if 
the  whole  posterior  cortex  is  (piite  opaque.  It  takes  place,  too, 
always  in  the  same  way.  The  oj)acities  begin  to  clear  Hway 
simultaneously  from  iho  eipiator  and  tlie  post^'rior  pole.  This 
process  of  clearing  is  due  to  the  lens  receiving  its  pri»per  supply 
of  normally-constitnted  nutrient  Huiii.     That  this  is  the  cast^  ia 
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vviileni  from  tli<'  fact  that,  if  i'eim»ved  from  tbc  eye  and  placed 
in  dUtilkHl  wnt^r,  lenses  reu4lei*ed  opa([ue  by  najilithaliiic  regtiin 
tf.rir  tran5|)areiioy  in  a  few  hours. 

The  cmiclu.sion  wliii-li  may  be  <lrawn  from  the  manner  in 
h  the  i)[Miiity  t'ouit's  on  rind  in  whirh  it  cdears  off  wlien  the 
litiou  of  na)ththaliuu  i^  Htop^ted  is,  Uiai  the  et|uatorial  j^uneti 
uud  tht?  |Hi8terior  [kJc  are  iiu^KirUiut  regions  eouueeted  with 
the  flow  *\{  nutrient  nmUrial  to  the  lens. 

Now,  it  has  been  ]Kjiuled  out  by  Magnus  that  about  93  jwr 

<vnL  o\  ull  senile  Ciitaracts.  however  much  they  may  differ  from 

it  afterwartlH  in  tlieir  clinical  asin-cU,  begin  in  exactly  tbc  same 

ler    as    na|tlithalin(.'    catamet.       Hut    whih:    n.a]ililhaliue 

itJiTHcl  is  (dearly  the  result  of  clieuncal  changes  iu  the  nutrient 

laid  uf  the  lens,  such  changes  cunuot  well  l>e  asKUUted  to  be 

t»r^M:liC   in  m<KSt  cases  of  senile  cataract.      They  undoubtedly 

\y  a  port  iu  »oine  forms  of  cntaract,  more  especially  diabetic 

catArart. 

llnf^uus  Kuggeslfi  that  in  senile  catamct  there  is  first  of  all 

a  jm*aier  or  le.ss  stasis  of  the  normal  lymjth  in  the  lens,  owing 

liuaiulj  Iu  advancing  coniification.  but  possibly  also  \m  vas(.-ulur 

tinges  iu  the  sources  fnmi  which  the  nourishing  Huid  sjiriitgs. 

lis  sit«J?is  may  U*  suitposed  to  ull'ect  more  readily  the  trans- 

jDcj  of  the  cortical   lens  Hubstance  the  more  its  power  of 

itjwce  i%  diminlHbed  by  senile  or  other  conditions,     in  thi.s 

riiy  he  would  awount  for  the  great  diMcrcnccs  met  with  clini- 

callj  in  the  rapidity  with  whicli  llie  opacity  advances. 

Broadly  sjieuking,  it  seems  not  unlikely  that  catai-act  in  man 
:  tiler  to  circulatory  di.sturliiiuces  in  the  nutrient  fluid  of 

I..      .  .-%  or.   though    less    frequently,   to   alterations   in    tlie 
t'hcmical  constitution  of  the  nutrient  fluid. 

'[  r)i/j»U  of  catJiract  presents  no  dillicidtics  when  no 

coDsp L.  ;i.s  exist  in  the  anteri<tr  ]»ortion  of  the  eye.  such 

■B  dense  o|>aciLies  of  the  cornea,  occlusion  of  the  pupil,  ike. 
fffire  the  invention  of  the  ophthalmoscope,  various  objective 
^aiml  subjective  tests  had  to  l^e  applied  in  many  eases  lic'fore 
the  jrresenc-e  of  cataract  could  l»e  diagnosed.  The  most 
toux  test  Wits  that  known  iis  Sanson's.  This,  wlilcli  is 
00  the  laws  of  reflection  fron»  curveil  surfaces,  consisted 
in  ob^ening  whether  when  a  caanlle  fiame  is  held  near  the  eye« 
and  a  little  to  one  side  of  its  optic  axis,  reflectitjus  cotdil  be  seen 
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from  the  two  surfaces  c»f  the  lens,  as  well  as  from  tlie  *.v 
When  the  te«t  is  uuide  witli  the  normal  eye,  tliree  images  can' 
seen, — two  ereut.  «iul  fulLiwiug  in  tlie  same  direction  uny  rnc 
nients  given  to  the  candle  Haine,  and  one  inverted,  which  iwrt 
in  the  oppositt*  direction  to  the  ohjet-t    Tlie  nearest  erect 
is  bri^dit,  niul  is  caused  by  rejection  from  the  surface  of 
eijrnea :  the  next  imasje  is  also  erect,  though  soniewliat  hh 
it  is  caused  hy  reHection  from  the  anterior  surface  of  the 
The  third  inverted  image  is  reliccted  fi<»m  the  posterior  cod( 
surfflce  of  the  lens,  but  it  is  so  small  and  faint  that  it  is 
often  easily  seen  without  the  aid  of  a  convex  lens, 
one  conld  Halisfy  one's-.self  that  the  second  image  was  to  l-ie 
and  yet  the  third  wus  not  formed,  the  eouclusiun  was  tliai 
lens  was  ]ire«4!iil,  but  opa(|ne..     This  te^t  is  seldom  required 
but  is  sometimes  used  to  determine  whether  tlie  lens  is 
or  not ;  if  absent,  there  is  of  course  only  one  retiectiou  obtaiu' 
viz.,  tliat  frfini  tlie  cornea.    In  very  rare  cases  of  extremely 
catamct  tlie  diagno.sis  may  be  facilitated  by  resorting  to  Sausii 
test. 

I5y  redectiug  the  light  into  the  eye  with  the  optitbftl 
scope,  we  at  once  see,  in  the  fiirtii  of  black  patehe.s  or  strut 
the  yellowisli-red  backgromid,  ff>rmed  Ity  the  light  which  P-:u'bcs 
the  okserver's  eye  from  the  fundus,  any  opacity  or  opacit 
whicli  may  exist  in  tlie  lens,  wl)ile  when  the  cataract  is  compi 
there  is  an  absence  altogether  of  any  retlex  from  the  fundus 
the  eye. 

If    the   lens    be    merely    examined    \\x    oblique    illmniun- 
tion.  und  not  dio])(:ricaIly  willi   the  uphtliaimoscojHf,  tli*- 
greyisli  reliectioo — in  which,  too,  frequently  the  radii  di\ 
the  lens  into  sections  ai-e  distinctly  visible — is  apt  to  sugj.t*t 
an  ojineity  which  dues  not  in  reality  exist,  and  the  trans]' > 
of  the  lens  can  lui  at  once  seen  by  observing  ihc  utibriikcnii4> 
tion  of  light  from  the  Imek  of  the  eye. 

The  ouXy  frcaiimnt  by  which  sight  can  be  restored  wT? 
too  great  a  risk  of  destruction  of  the  eye  is  by  extracting 
opaque  leus. 

This  is,  as  a  rule»  preferably  done  by  shelling  it  out  of  '\\A 
sule,  which  must  first  Ije  ruptured. after  rciuo\  al  of  a  jKirtiun 
iris.     \i  a  ]jiece  of  the  iris  be  not  excised,  there  is  considei 
difficulty  in  properly  clearing  the  capsule  of  all  the  oi>aque 
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substances ;  the  iris,  too,  is  apt  to  be  bruised  during  the 

'Sxpiilsion  of  the  cataract,  especially  if  it  Ix?  hard:  and,  what  i^^  nf 

must  importance^  if  an  iridect^miy  l>c  not  performed,  the  iris  is 

Ifff^  apt  during  the  early  stages  of  the  liealing  process  to 

Wc^Miie  entangled  in  the  wimnd,  and  thus  introduc**  difticultie^ 

■hich  interfere  with  the  perfectiim  of  the  residt  aimed  at. 

The  iridectomy  may  advantageously  be  performed  five  or  six 

tks.or  longer. In^fore  the  extraction.when  ('ircnmstances  permit. 

lifting  so.  there  Is  undoubtedly  slightly  less  risk  of  iritis  fol- 

•ing  the  operation.     A  pi*elimiuary  iridectomy  stionld  always 

done  where  there  is  a  complication  with  glaucoma,  and  is 

also  advisitble  in  cases  where   tlie  ri.sks  of  auto-infectiun  are 


Kiu.  46. — Caiw  of  incipient  senile  cataract,  iw  wten  by  obliqtic 
illumiiution. 

greater  than  usual,  its  where  there  is  dacrj'fX'ystitis  or  chronic 
conjunctivitis.  In  certain  easels  the  lens  may  he  removed  in  its 
ciipBule,  0|)eralors  differ  aa  to  the  cases  in  which  it  is  advis- 
able to  <lo  this.  There  can  l>e  little  doubt,  however,  that 
where  any  e\ndent  weakness  in  the  ligament  of  tlie  lens  exists, 
and  still  more,  where  there  is  more  or  less  marked  stil)Iuxation, 
this  is  the  Wst  ojienttion. 

Tlie  metlujils  of  fierforming  the  dlH'erent  oix-rations  for  the 
extraction  of  catJiract  are  descril>ed  in  the  chapter  on  Opera- 
tions. The  section  which  for  many  yeai-s  has  been  most 
commonly  adopted  is  one  which  lies  as  much  as  ]iossible  in 
the  apparent  sclero-conieal  margin  throughout.  Since  the 
adoption  of  proper  antiseptic  mejisures,  so  nnich  stress  is  not 
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laid  on  the  exact  size  of  section  required,  Imt  tliere  can  b 
little  doubt  tlmt.  other  things  \t^\w%  etiual,  the  \&s^x  it  is  thf 
mure  likelihood  is  there  for  the  drejidetl  MH)]iuniliuu  o(  tt 
external  woun<l  to  oceur. 

A/ftr-eatarndH  form  in  cases  in  which  the  lens  eajiswV  t* 
Iteen  left  in  the  eye,  and  these  opacities  may  attain  such  a  dt'Mij 
as  to  rentier  a  subsequent  oi)eration  necessary.     The  aew 
oiwieity  Kt^nerally  fijrm3  after  the  lapse  of  some  monlhss 
the  result  of  a  iiroliferatioii  of  the  cells  of  the  anterior  cup 
well  as  an  enlangh'ini'nt  of  cortical  subsULnce,  which  hiw  W* 
been  removed  at  the  time  of  extraction,  or  rtbsotl»ed  ilima 
the  hej^iling  process.     Where  theif  is  any  intlaniumUiry  einid»- 
tion  this  becomes  matted,  too,  with  the  opaque  capside,  aaJ 
adds  to  the  density  of  the  screen  thus  formed,     l'ndoubl<^ih. 
tlie  density  of   the  after -cataiiict  depends  to  some  exteut  nn 
the  manner  in  which  the  capsule   luis  l>een  rupturetl  al  tJ* 
time  of  operation,  as  well  us  on  tlie  completeness  with  whidi 
cortical  lens  matter  has  been  temovetl     Much  dei>end9.  loo.oo 
tlie  rtipjtlily  <»f  liealinjL;.     In  ca,ses  where  the  anterior  ehanilxTbu 
l>een  bnitj  in  re-fonuing,  there  a]»pears  to  be  a  j^reater  tendencj 
to  the  proliferation  of  the  ca]i,sule  cells,  as  well  as  to  the  retelh 
tion  between  the  anterior  and  posterior  portions  of  the  capsule 
of  cortical  matter,  which  is  then  not  so  readHy  absorbed 

Theo[»erations  required  for af ter-catnract  are  ])crformeil  vrtlt 
the  view  to  removing  tlie  opaque  screen  from  tlie  line  of  wglit 
without  removing  it  fi*om  the  eye.  "Wieu  the  main  ojuu'ity  it 
not  in  the  axis  of  vision  uo  operation  is  reqiiire«l  Wb^w 
severe  and  prt>]onged  iritis  has  f<»llowed  the  ojtenition  ftir  tbr 
extnictioii  nf  ji  cataract,  there  is  not  mdy  a  denser  after-cataract 
formed,  but  the  pujnl  is  drawn  up  to  the  wound  in  the  extcniil 
coats  nf  Mie  eye,  with  the  result  tlmt  the  \*ision  is  destroyol 
If  under  these  ciixiniiistunces,  liowever,  there  still  remains  some 
percei>tiou  of  light,  it  is  possible,  by  perfonning  the  operation 
of  iridotomy,  to  improve  matters.  The  amount  of  vision  whicL 
the  patient  recovers  after  such  an  operation  de}*ends  greatly  «"U 
the  state  of  the  vitreous.  Often  it  is  much  clouded  by  exuda- 
tioix  or  the  semi-organise*!  remains  of  exudation,  which  after* 
time,  if  there  is  no  fresh  iuHammation,  mav  dear  away  Ui  * 
very  considerable  extent.  There  is  a  great  tendency  to  recur- 
rence of  intlanunation,  however,  after  iridotomy,  which  on  lhi« 
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?*^ount  should  not  be  perfnrmed  until  the  eye  has  oome  alieo- 
**tely  U*  n*sl.  The  oi>ening  shoiUrl  be  maile  as  large  as  possible, 
5j^  prevent  reclosing,  should  there  Ite  indanimat'jrj  reactiotu 
*  ■*!«  may  easily  enough  l>e  done  when  there  is  some  retractile 
i^'^wer  in  the  iris,  but  in  cases  where  the  fibrinous  ilep<-isit  liehind 
****e  irif?  is  dense  and  tough,  and  the  iris  itself  altered  by  iu- 
^finijnntory  infiltration  or  atrophied,  it  is  often  extremely 
^■iffir-ulu  In  such  easeji  it  is  necessary  to  eut  out  u  triangular- 
^hapeil  bit  of  tlie  opaque  screen. 

1%  is  not  generally  advisable  to  undertake  any  after-cataract 
Operation  before  tbe  lapse  of  three  months  after  extrac- 
tion, and  where  there  has  been  any  marked  intlammatory 
tmction  after  the  first  operation  the  eye  should  have  been 
al>sohitely  free  from  irritation  for  several  weeks  before  anything 
further  is  attemptetl. 

With  r^^ard  to  extraction,  both  eyen  should  never  be 
opeDitod  on  at  the  same  time  This  is  a  rule  which  should  not 
be  dejmrted  from,  ultliowgh  tliere  is  often  a  temptation  to  operate 
on  both  when  the  operation  it^telf  has  gone  well  in  the  first  eye. 
Tbe  reasons  are  obvious.  The  operation  is  itself  a  more  serious 
one  when  both  are  done ;  there  is  the  f»ossihility  of  some  unfore- 
seen accident  hafipenuig.  independent  |)erhai)S  altogether  of  the 
nature  f)f  the  ojH'ration,  nnd  avoidable  on  a  future  oecssioo.  or 
some  uufavourable  condition,  interferin;j;  with  the  success  of  the 
first  operation,  may  necessitate  a  nioditleation  in  the  ojieration 
for  extraction  in  the  other  eye. 

Only  a  very  few  instances  are  reconled  where  a  spontaneous 
cure  of  senile  cataract  has  taken  place,  owing  to  absorption 
wrxthin  the  cjipsule.  This  is  therefore  so  exceedingly  rare,  that 
it  need  not  be  taken  into  consiilerution  iu  the  treatment,  and  no 
medical  treatment  is  known  which  will  promote  tliis  natural 
c'ure.  Occasioually  a  cure  is  eifected  by  an  accidental  dislocation 
of  the  opaque  lens. 

After  an  extraction  of  cataract  the  eye  does  not  immecliately 
recover  the  full  lunonnt  of  sight  of  which  it  is  capable,  but  goes 
on  improving  from  day  to  day  for  a  lengtli  of  time,  which  varies 
considerably  in  different  coses,  usually,  however,  for  at  least  a 
fortnight  or  three  weeks.  The  cause  of  this  improvement 
U  to  a  great  extent  the  absorption  which  takes  place  of  the 
cortical  matter  left  in  the  eye,  and  consequently  it  is  slf»wer,  on 
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the  whole,  the  more  incomplete  has  been  the  clearing  awayel 
the  lens  substance.     In  many  cases,  too,  there  are  opacities 
the  cornea  which  only  slowly  clear  away  completely. 

After  the  removal  of  the  lens,  the  eye  is  of  course  left  voj 
much  out  of  focus,  and  becomes  highly  hypennetropic.  Thecoofr 
tion  of  the  eye  when  the  lens  is  absent  is  called  aphakia,  and  tie 
degree  of  hypermetropia  varies  according  to  the  build  of  theeye 
and  the  state  of  previous  refraction.     The  higher  the  previow 
hypermetropia,  tlie  higher  of  course  is  the  aphakic  hypermetropii; 
whereas,  on  the  other  hand,  there  is  less  hypermetropia  in  au 
aphakic  eye,  the  higher  has  been  the  prexious  degree  of  myopu. 
Sometimes  the  previous  myopia  has  been  exactly  sufficient  to 
neutralise  the  refractive  change  produced  by  the  operation,  so 
that  emmetropia   is  the  result,  or  there  may  even  be  some 
myopia  left  after  the  lens  has  been  removed.     Much  the  most 
frequently,  however,  convex  glasses   are  required  before  any 
distinct  retinal  images  are  formed ;  and  as  with  the  absence  of 
the  lens  tliere  is  an  impossibility  of  any  accommodation  of  the 
eye,   absolutely   clear   images  can,   with   the    same    glass,  lie 
received  from   objects  at  one  distance  alone.     The    practical 
result  of  this  is,  that  at  least  two  different  strengths  of  glasses 
Imve  to  be  worn,  one  for  distant  vision,  and    the  other  for 
reading.     If  tlie  eye  has  been  previously  emmetropic,  the  glass 
which  is  required  for  distant  vision  is  usually  +  10*0,  while  for 
reading  +  140  or  +  15'0  suffice. 

Vision  is  often  imj^roved  by  the  addition  of  a  cylindrical 
lens  to  the  spherical  one,  as  some  astigmatism  is  frequently 
acquired,  owing  to  u  Hattening  of  the  cornea  in  a  direction  at 
riglit  angles  to  the  incision.  It  is  some  time  before  cx)mplet4? 
consolidation  of  the  cicatrix  leads  to  a  final  sliape  of  the 
cornea,  so  that  it  is  not  advisable  to  prescribe  the  spheri>- 
cylindrical  spectacles  until  the  astigmatism  has  acquired  its 
permanent  degree.  There  is  some  difference  of  opinion  {u^  to 
when  spectacles  may  be  worn,  lieading  should  certainly  not 
be  allowed  until  tlnee  or  four  weeks  have  elapsed  since  all  red- 
ness has  disappeared  from  the  eye.  There  is  generally  no  liarni 
in  permitting  the  use  of  distant  glasses  a  month  after  opera- 
tion, if  the  healing  process  has  been  normal  throughout. 

Two  forms  of  juvenile  or  congenital  cataract  are  of  com- 
mon  occurrence,   viz. — lamellar  cataract^   which    is    a  partial 
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Xaract,  i«.,  one  ia  which  the  opacity  only  involves  part  of  the 
**txi8.  aud  compleit  coiujnxital  cjitaract 

Limellar  cataract  is  probably  mcflt  frequently  congenital. 
^tlutujih  it  undoubleilly  often  ninke^  its  apftearance  in  early 
^hi!<ilioo(L  Tn  the  great  majority  of  caaea  it  exista  in  Iwtb 
^yes,  though,  as  a  rare  oocmrenee,  it  is  found  in  one  alone 


Fic.  47. — Ca&c  a(  Iwnfillir  cAtiuiut :  obli{ne  illniniiiAtioii. 


Fio.  48. — LomelUroaUraot ;  opbthjilinoKOpic  illumination. 

The  degree  of  visual  disturbance  which  it  causes  varies  ver)' 
considerably  according  to  the  density  of  the  opacity  and  the 
amount  of  lens  sulistance  whicli  it  involvt^s.  lu  some  cases 
the  density  of  the  opacity  i^  so  slight  that  hardly  any  defect  of 
vision  is  jtroduccd.  In  otiier  cjisea.  again,  a  high  ilegree  of 
blindness  results  from  a  dense  opacity.  Between  these  two 
extremes  all  degrees  of  visual  disturbance  are  met  with.     Tlie 
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condition   interferes   to   siinie  extent,  though    pn>brt(>I' 
completely,  witli  accommodation,  and  is  often  assrici;llt^>  \^. 
jjenerally  only  a  slij^Iit  degree  of  myopia. 

When  a  lanielijir  cataract  is  examined  by  olili([iie  illuni 
(see  Fi^.  47),  tlie  first  appearance  that  strikes  one  is  a  u  :.;.. 
uniform  p;i'eyish  opacity,  which  docs  not  extend  as  far  as  ^^ 
equator  of  the  lens,  and  is  more  dense  at  its  margins,  frn; 
often  a  few  stride  puss  towards  the  capsule.     On  ch»serc\..^. 
tion  the  lamellar  nature  of  the  cataract  can  often  be  inutie  ■ 
that  is  to  say,  it  is  not  difticTilt,  as  ;l  rule,  to  satisfy  oneVself  liiai 
the  opacity  is  limited  to  one  or  more  contiguous  lamella*,  wivluB. 
as  well  as  external  to  which,  the  lens  is  transparent.    The  vxoan 
of  the  ;,Teater  darkness  of   the  margin  is  the  gi-oatcr  relatiw 
opacity  which  is  wnised  by  the  anterior  and  posterior  i»ortiousiit 
tiie  intransparent  fibres  meeting  Ijere.    In  this  way,  too.  lamdiir 
cataract  diilcrs  greatly  from  other  fonns  of  catamct,  which  an 
usually  darkest  at  the  centre  where  the  opacity  is  dee|»esL   Ui* 
seldoni  that  the  opaque,  layers  insteji<l  of  being  con  tiguona,  enclost 
trausjtareiit  lamelhe.    Tlie  opacity  occupies  very  different  lameD* 
in  (liiycrent  cases,  and  couscqucutly  the  iliametcr  of  the  o\m^ 
area  differs ;  there  is  never,  however,  an  oimcity  of  the  UjfH 
iuimediatcly  under  the  capsule.     In  some  ca.ses  short  striie  «v 
t'>  be  seen,  Unth  in  the  anterior  and  posterior  cortex.     To  Uiew 
the  Germans  have  given  the  name  of  **  Reiterchen,"  owing  to  the 
way  in  which  they,  as  it  were,  ritlc  (»n  the  edge  of  the  more  difTiwp 
opacity.    They  are,  in  fact-,  the  equatorial  portion  of  a  commoijc- 
ing  more  periphend  lamellar  opacity,  wliich,  however,  doee  iiul 
always  becnme  complete.     The  cause  of  the  opacity  appeare  U* 
be  some  arrest  *jf  development,  at  a  time  during  intra-ul«riud 
life  or  ea.rly  infancy,  when  the  ojiaque  layers  were  the  mod 
superficial.     There  is  little  doulit  that  it  is  a  rachitic  changf, 
and  is  s<)Uietinie8  assiiciated,  as  was  first  pointetl  out  by  Homer, 
with  absence  or  defect  of  enamel  on  some  of  the  teetli.     I  have 
most  frequently  seen  this  defect  in  the  canines,  and  in  one  •*£ 
the  few  cases  in  which  I  ha\'e  observed  the  catai-act  confined  M 
the  one  side,  tliere  vpas  an  aWuce  of  enamel  on  the  canine  uo 
the  saTiie  side,  while  in  another  case,  that  of  the  opposite  side 
oidy  was  defective.     In  not  ii  few  cases  of  this  form  of  cataract 
there  is  distinct  evidence  of  heredity. 

Lamellar  cataract  usually,  though  by  no  means  invariably 
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reiiMUDS  stationan*.  Coses  exhibitiujj;  the  ei|UaU)nal  stria- 
(RinLerchen)  an*  more  likely  to  i>ri>gress  to  more  complete 
iilnicity  nt  Hoiue  tinie  or  t»ther  than  are  tliose  with  a  shurjily 
ileHuni  e«lge.  It  is  often  overI(H»ked  uDtil  tlie  patient  atten^Is 
srhiMiI,  wxxA  atlf'iitioii  is  dnuvu  to  it  hy  the  aecomjianyin^ 
4tuUyi>pin  or  myopia.  The  am< unit  of  amblyopia  is  very  vari- 
alile  m  diReit^nt  castas. 

Tlic  opcmtUnui  performed  for  this  form  of  cataract  are 
irulectomy,  removal  of  the  lens  by  discission,  and  extraction. 
Where  there  seems  a  likelihoo<l  of  improving  vision  by  displacing 
the  ptipil,  which  can  l»e  infcri'ed  when  the  vision,  willi  proper 
opticjtl  eorn-ction  if  necessary,  is  imj>roved  by  dilatation  of  the 
pnpil.  lliere  can  be  no  rejison  for  alwtaining  from  ]>erforming 
iriilectomy,  eveti  when  the  amblyopia  is  comparatively  sliglit. 
Uvmoval  of  the  lens,  on  the  other  hand,  is  attended  not  only 
with  some  risk — certainly  very  sliglit — but  also  intr(»duces  more 
inounvenicncc  by  rendering  all  accnnunodation  impossible,  and 
flboold  not  be  unilerlaken  unless  vision  is  leas  than  one-third  of 
tlw^  nortnul.  The  choice  of  oj)i'ration  is  in  some  mcasiu*e  intiu- 
exiced  by  the  con<litiou3  as  to  proWble  progression  of  the  opacity. 
Where  there  is  gofxl  rea.son  to  believe  that  a  recent  deterioration 
in  vision  has  taken  place,  whicli  is  not  due  to  iucreasinjj;  myopia, 
diodasiun  may  l)e  i>erformcd  even  although  tlie  visual  acuity  is 
grcftler  than  one-third  of  the  normal  In  most  cases  for  which 
indeetomy  is  jierformed,  it  should  l>e  done  upwards,  as  it  might 
bit  Mcesfiary  at  some  later  period  to  extract  the  lens.  In  this 
mtcatiou.  besides,  it  is  less  unsightly,  and  less  liable  to  cause 
an".  1  able  dazzling. 

'  .....J.  .-Jul  tutiU  cataract  Ls  usually  .soft,  and  involves  all  the 
layers  of  the  lens.  It  is  frequently  also  complicated  by  a 
capeolftT  ojuicity  as  well.  These  cataracts,  too.  undergc*  furtlier 
cfajuiges  in  the  course  of  lime,  and  become  shrivelled  up  antl 
nienibranouH,  or  in  part  calcare*ius.  I)egenerative  changes, 
which  lake  place  in  the  suspensory  ligament,  often  lead  to  their 
eventual  dislocation.  Alfred  (Jraefe  drew  attention  some  j'ears 
ago  U>  a  peculiar  variety  of  cougi'nitul  C4vt4iract,  in  which  the 
ofnrity  is  mainly  cortical,  while  a  scleroseil  nucleus  occupies  the 
centre  of  the  lena  The  best  trcaimtnit  lux  this  form  is  to  exti*act, 
jmt  u  in  senile  cat-aract  The  more  common  form  only  requires 
diadadou,  though,  when  calcareous  patches  exist,  this  has  often 
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to  i»e  fiilldwed  very  »>on  by  evacuation  of  the  swoll 
sulistance,  as  well  iis  of  the  calcareous  juitches,  ilii  i.. 
small  linear  incision  in  the  periphery  of  the  cornea,  oniug 
the  irritation  which  the  calcareous  matter  often  pnMluce^  vliii 
it  lies  in  tiie  anterior  chamber.  In  the  shrunken  meiul'rww 
cases,  with  opacity  of  the  capsule  as  well,  the  most  salisfHcWy 
result  is  olitained  hy  dragjring  the  whole  out  of  the  ey- 
is  apt  to  cjiuse  irritation  unless  done  carefully.  The  iu< 
should  be  seized  with  a  pair  of  capsule  forceps,  and  very  B«rth 
and  slowly,  and,  *ls  it  were,  c(»axiugly  drawn  out.  If  tip 
ance  be  very  Kreat,  as  much  as  will  come  without  t" 
traction  may  be  cut  off  with  the  iris  scissors,  and  the  rest  Idl 
Sometimes,  iiisteail  of  extracting,  it  is  possible  to  get  «  ew4 
hole  iu  the  niemlirane  with  one  or  two  cataract  needles,  or  *iy 
cutting  it  across  with  a  pair  of  de  Wecker'a  scissors.  The 
toughness  of  the  structures  generally,  however,  renders  such 
efforts  not  very  succc.ssfuL 

Secondary  cataract  most  frequently  b^ns  with  an  opicily 
of  the  posterior  portion  of  tlie  lens — whut  is  called  poMciiar 
polar  vatamct — and  is  often  very  slow  in  advancing  to  other 
parts  of  the  leus.  The  opacity  is  the  result  of  mnlDutritioo, 
and  is  most  commonly  met  with  where  there  is  disease  of  the 
vitreous,  retina,  or  choroid.  An  upacity  be^nning  at  the  |»o&- 
tcri(»r  pole  should  always  raise  a  suspicion  of  being  secondaiT, 
and  it  will  generally  be  found  that  the  vision  does  not  corre- 
spond to  the  opacity,  and  that  changes  are  to  l>e  seen  with  Utf 
ophtlmlnio.«cope  in  the  deeper  parts  of  the  eye  An  opacity  of 
the  posterior  ca]t.sule  rarely  occurs,  and  is  apparently  mainly 
prinluceil  by  deposition  on  it  from  the  N^lreous. 

Slatiimary  partial  cataracts,  in  which  the  opacities  are  sharply 
defined  and  ptmctiform  or  irregidarly  linear  in  shape,  ami  in 
difterent  parts  of  tlie  leus,  are  occasionally  met  with.  They 
rarely  produce  any  great  defect  of  vision. 

Capsui^U  Catakact  may  exist  without  any  accompanj-irij! 
opacity  of  the  lens.  It  is  most  coJuuKUily  in  the  form  of  wlwl 
is  called  p^framuial  cataract, — a  conical  protrusion  of  a  central 
portion  of  the  anterior  capsule,  which  is  at  the  same  time 
densely  opaque. 

Sometimes  pyramidal  cataract  is  congenital,  and  then  almoet 
invariably  bilateral.     The  pathology  of  this  variety  is  not  clear, 
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*'t  it  Beems  to  be  the  result  of  u  retardation  in  the  closure 
*  tbe  capsule.  As  o  rule,  however,  the  capsular  opacity  ia 
^^t  up  when  the  lens  is  for  some  time  pressed  up  uguiitst  the 
rr*^<'k  of  tlie  cornea,  after  a  perforation  due  to  ulceration. 
^-^nder  these  conditions,  a  proliferation  and  fatty  and  fibrinous 
r*^enerntion  takes  place  in  tiie  cells  lining  the  eapsuk*,  and  the 
'^nmogeneous  capsule  itself  is  pixjtruded  in  front  of  this.  In 
'^wsetiuence  of  this  origin,  there  is  ahnost  always  to  be  seen 
^Uie  SCOT  in  the  cornea  indicating  the  position  of  the  per- 
fbi-ation-  In  many  cases  tliis  is  extremely  faint,  as  the 
J>erforation  has  usually  taken  place  in  infancy,  as  the  result  of 
ophtlmlmia  neonatorum,  and  the  cicatricial  tissue  has  gradually 


Fiii.  49.— Punctiform  catanct  ^ith  capsular  ohangn. 

aasximed  an  almost  complete  transparency.  Often  there  is 
ny?*tagmus  in  eyes  with  pyramidal  cataract,  and  tlu*  vision 
IB  found  to  be  more  defective  than  can  be  accounted  for  by  the 
Hunted  opiu?ity.  The  combination  of  i)ynnnidal  catiinict  witli 
nystagmus  Is  indeed  almost  a  certain  evidence  nf  pre-existing 
ophtlmhnia  neonatorum,  or  very  early  and  extensive  ulceration 
of  the  cornea. 

Tkacm  ATic  Cataraci'.— The  transparency  of  the  lens  de|>ends. 
under  normal  conditions  of  nutrition,  on  the  integrity  of  the 
cai)6ule.  As  swjn  as  there  is  a  bre^ich  in  its  contimuty,  there 
w  tt  great  tendency  fur  tlie  lens  fibres  to  become  opaque.  Tlit* 
most  common  cause,  then,  of  traumatic  cataract,  is  a  woiiitd  (<t' 
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the  lens  capsule.    A  sevei*e  Llow  on  the  eye,  without  auy  |>eui 

trating   wotiml,    is — in    rare    instnuccs,   however — followed 
cataract,  which  imist  conse»_jiieiilly  Ite  considered  traumatic, 
such  cases  it  is  do\ibtful  whether  tlie  capsule  is  ruptured  or  U4 
rroUaMy  in  all  cases  where  a  rapid  r>pacity  takes  place  it  is: 
indeed  in  some  the  rupture  ean  lie  seen.     In  others,  again,  iu^ 
which  cataract  nlovvly  form.s,  the  accompanying  chau^eji  in 
eye  jiroduced  l>y  the  injury  must  he  su])iH»Ked  to  have  in  eoi 
way  caused  an  iuterferenee  witli  tlie  nutrition  of  the  lens. 

It  is  extremely  rare  that  the  capsule  is  injured  without  l«ii 
perforated,  as  it  is  not  often  that  the  liody  wiueh  hu.**  perforate! 
the  external  cuat  of  the  eye  i>enetrates  just  !*utlicieutly  to  scratch 
the  capsule  and  no  more.     Only  two  instances  of  an  accident  <fl 
this  nature  have  come  untler  my  own  ohservatioa     They  V*om 
hajipened  in  tlie  same  manner.     The  eye  was  struck  by  a  piece 
of  iron,  which  ruptured  the  cortiea  and  allowed  the  aqueous  Ifl 
escape,  wliile  small   portions  fif  rust  remained   in   the  cornei^ 
Wound.     While  the  anterior  ehamher  was  empty,  and  the  lens 
lay  up  against  the  back  of  the  cornea,  the  patients  had  rubl 
their  eyes,  and   the   small  portions  of  rust,  which  i»rr)jecti 
slightly  from  tite  bick  of  tlie  eoruea,  were  thus  scratched  aero 
the  cajisule,  and  remained  attached  to  it. 

If  the  hole  nmde  in  the  capsule  be  very  small,  it  may  sonii 
times  Jical  witluait  any  opacity  of  the  lens  resulting.     But  ev 
small  ruptures,  by  admitting  the  aqueous  humour  into  coul 
with  the  lens  Hbres.  are  apt  to  lead  to  cataract:  an  extensi>'^ 
rupture  in\ariab!y  does  so,  and   some  of   the  lens  sulistauce 
usually  csea[>es  into  tlie  auterior  c.haml>er,  where  it  swells  u] 
breaks  <lowu,  and  becomes  absorbed. 

The  results  4ilitaine<l  by  treatment  in  the  Ciise  of  traumati 
cataract  are  on  the  whole  very  much  less  favourable  than  for 
any  other  form  of  cataract.  This  is  mainly  on  account  of  tliej 
liability  that  there  is  for  other  parts  of  the  eye  to  be  iuvolveM 
in  the  injury,  or  to  become  inflamed  subse<iuently.  Much 
depenils,  too,  upon  whether  or  not  septie  matter  is  introduced 
into  the  eye  by  the  l>o<ly  witli  whieh  it  is  wounded.  Tlie  woi-st 
cases  are  those,  of  coui-se,  in  whieh  a  foreipi  body  is  Imlged  in 
the  eye.  When  the  wound  in  llic  capsule  is  lar;»c,  and  &n 
conaidcTal^le  pro[K>rtion  of  the  lens  matter  fidls  into  the  auterii 
chamber,  a  good  deal  of  irritation  is  often  set  up,  even  whi 
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there  w  no  septic  eloiuuut  pre^eut  This  is  more  likely  to 
JUppen  in  adiilts.  in  whom  the  lens  is  harder  aud  more  irritating 
lAnxi  in  young  iudividuals. 

The  trettlmati  in   nil  cases  where  the  cmtaract   has   been 

hy  u  [ierf(»ratinti  wound,  sliDuld  consist  in  hnthin^;  thi; 

fre4Uently  with  ii  weak  sohition  of  corrosive  subliiuaU*,  and 

ui     keeping  the  pupil  well  dibited,  if   possible^  with   atropine. 

Wt^^re  there  is  much  irritiitiou.  a  careful  examination  should 

\r      iiuuie,  in   order,  if  possible,  to  deteiuiine  the  cause  of  it. 

\l   t,fie  rupture  has  been  small,  the  lens  is  often  found  to  be 

^r^lleu   in    its   capside:   and  when  this  is  the   c^ise,  a  larger 

^Kfnin^  should  l>e  made  with  a  caUtntct  needle,  followed  in  a 

ffNiple  of  days   by   removal    through  a  linear   incision  of  as 

BUcL  of   the   o]>aque    lens   as   am    be  gut  away  without  any 

petA  ilifficully.     If  llic  irritation  be  due  to  lens  ujatter  l^'ing 

UI  llje  anterior  chamber,  a  line^ir  extraction  may  be  i>erformed 

At  once.     AVheu  it   is  evident   that   septic   matter  has  been 

lUtnJuccd.  it  is  a  g<XMl  plan  to  combine  the  extraction  with  a 

:"^i-siiefl    iridectom}*,   and    to    freely    iirigate    the    anterior 

iUujU'r  with  corrosive  sublimate  solution  (1  in  5000),  after- 

WAnlft  using  antiseptic  dressings.     An  eye  may  sometimes  lie 

aavisi  ill  this  way,  thougli  at  the  risk  of  mi»re  or  less  per- 

ouiu'ut  opacity   of    the   cornea,    owing   to  destruction   of   the 

«|atheliQm   lining   it*   posterior    surface.      "VMien  complicated 

'i  pnjlapse  of  iris,  the  prolapsed  porti(m  shoidd  generally  l)e 

.'  :>*,i],and  the  opaque  lens  matter  as  much  as  jiossible  removed 

ihnmgh  the  mmeal  wound.     In  aises  where  the  irritation  is 

4M»t,  aad  tends  to  subside  under  simjde  treatment,  it  is.  as  a 

rule.  l«ttrr  lo  leave  the  cataract  alone  until  the  eye  has  come 

<niuplclely  to  rest.     Aljsorption   often  gtjes  on    without  any 

"<e,  or  may    Ik*   hastened   wlicn   slow,   by   Hlimng  up 

"uce  or  twice  with  the  cataract  needle.     Even  under 

A{(pat«i]tly  exactly  aimilar  conditions  as  to  age,  si^ce,  and  ix)sition 

uftjifjKular  wound,  «S;c.,  there  are  eonsiilerable  indi\idual  tlitier- 

eaas  in  the  time  taken  for  complete  al»sorptiou.     This  is  the 

•unt,  tuu,  in  the  caae  of  the  diil'use  traumatic  opacity,  which  is 

pntlticnl  by  u*w*dling  for  lamellar  cataract. 

A  traumatic  catumct,  instead  ttf  Inx^ouiing  al»sorl»ed,  may 
«niitfi)|u  different  clianges,  which  are  for  the  most  pait  similar 
to  tliucie  alrcndy   desci*il»ed   as  occurring  in   other  over-rii>e 
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cataracts.     Very  rarely  there  is  the  formation  of  true  hone  ij 
tlio  lens.     In  siu*l»  cmls^'s  it  18  itlways  present  in  the  choroid 
well.      ()ssitiL:(ttiun    never    lakes  place  unless    the  capsule 
been  rupturetl,  therefore  only  in  trauniutic  cases. 

Besides  hy  nl«firption,  there  is  anot!ier  way  in  wiiich  trjin^ 
niulic  eaUtraet   may  undci^^o  a  Hpoutaueous  cure.     A  ijradual 
clearing  up  of  the  opacity  may  take  place.     This  is  only  mod 
witli,  and  that  >eiy  rarely,  when  the  capsular  wound  has  Ik-^t? 
aniall  and  ra])idly  closed,  while  the  opacity  in  the  lens  itself 
had  been  limited  to  the  track  of  the  body  with  which  the 
has  Ijcen  wounded. 

Traumatic    cataract    in;iy    bu    produced   by   wounds 
alimiHt  every   object  which  could  po.ssibly  be   imaginei!   to  be 
capable  of  penetrating  the  eye  :  knivcf?,  forks,  scissors,  ueedlei^ 
pen.s,  &e.,  are  the  more   couiniun    instrumenta  which   produofl 
a  wound  without  remaining  in  the  eye.     An  extremely  common 
manner  by  wbieli  the  lens  is  wounded  is  with  a  fork,  whi( 
is  often  used  hy  children  to  unfasten   their  shoe-laces.     TI 
aerideiit  id  most  fre(|Utnitly  a  severe   one,  as,  apart  from  tl 
double  wound  ]>roduced   by  the  two  pronjfi*,  septic  matter 
generally  carried  into  the  eye. 

It  is  a  connuon  enou*;h  thing  for  the  patients  themselves, 
or  those  who  come  with  tliem,  tu  deny  any  accident.     "Whei 
the  presence  of  a  cicatrix  in  the  cornea  renders  it  certain  tin 
then'  must  have  been  one,  and  this  is  explained  to  them,  th< 
will  tlien  often  admit  it.      A  unilateral   cataract   in  a  youn; 
individuid    is,  in    fact,  almost  invariably  traiiinatic,  although 
some  ditlii'ulty  is  experienced  sometimes  in  finding  any  trace 
the  situation  in  which  the  eye  has  been  pcncti-atedL 

Cataract  produccti   Inf    lightning    has    been    oWrved,    bi 
as  it   is  preceded  by  other  dislurl»ances  of  vision,  it  is  more 
properly  a  complicated  than  a  traumatic  catanKt  in  the  clinic* 
sense. 

It  is  just^i»>.s.sil»b;.  however,  that  the  strong  lij.dit  nmy  hai 
sometiiing  to  do  with  its  production.     The  lens  absorl»s  the  moi 
actinic  rays  of  light  and  may  exiieriencc  some  abnormal  moll 
cular  change  ,whieli  interferes  with   its  nutntion  when   it 
directly  exjKtsed  to  an  exceptionally  jjtiwerful  liglit. 

Attempts  Imve  been  made  to  produce  cataract  in  animals  by 
subjecting  them  to  strong  light.     Hitherto  they  have  not  afibrded 
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vniftpBiustve  evidence  that  the  lens  luay  be  dii-ectly  rendered 
lp|AB&  this  way. 

^rtatt '  Biotcrrg'  Catarad.  —  Gloss-blowera  are  subject  to 
'hUract,  which  more  frequently  seems  to  affect  the  left  eye, 
IT.  4(  ftll  events,  to  liegin  in  the  left  eye.  1  have  seen  sevt^ral 
rA«*  of  this  fonn  of  cataract.  There  can  be  no  doubt  that 
the  ocrupation  in  some  way  favours  the  occurrence  of  opacity 
^  i\\t  lens.  TrttUibly  it  is  the  action  of  powerful  actinic 
rtvi  In  one  case  which  came  under  my  treatment  lately  there 
f*«  A  large  patcli  of  eczema  on  the  left  cheek  and  left  Bide  of 
the  DRM',  the  cataract  being  also  in  the  left  eye.  The  curious 
pnjponderance  of  the  cataract  in  the  left  eye  is  due  evidently 
t"  the  poi^ition  in  which  the  head  is  held  in  blowiJig.  This 
["^ilion  not  only  brings  the  left  eye  nearer  the  glowing  glass, 
Init  hrinjTB  the  right  eye  under  the  protection  of  the  uase. 

LnsLocATloN  OF  THE  Lens. — In  order  that  the  lens  may  be 
*iifj4aced,  some  rupture  or  destruction  or  weakening  must  take 
l^liicf  in  some  part  of  the  zonule  of  Ziun.  Dislocation  occurs 
tttmaatically  and  idiopalhically ;  in  the  latter  ciise  also  con- 
gfnitttUy.  I»islocation,  wliether  traumatic  or  idiopathic,  may  be 
w»m|ilete  or  ])artiaL 

A  (kartial  dislocation  or  subluxation  of  the  lens  exists  when 
some  |Mirtion  is  tilted  out  of  position  whilst  the  centre  remains 
in  its  place.  The  tilting  may  be  of  one  side  forwards,  i.i\, 
roand  a  vertiad  axis,  or  of  the  upper  or  lower  edge  forwards, 
or  round  a  horizontal  axis,  or  any  intermetliate  axis  of  twist 
may  occur.  Tlie  jwrtially  dislocated  lens  often  remains  clear, 
«ud  the  dia^oflis  may  consequently  be  ditlicult  if  the  degree 
of  displttcement  be  slight.  Astigmatism  following  a  blow 
on  the  eye  may  Ihj  due  to  a  slight  displacement  of  the  lens 
\\i  llii*  nature,  and  is  often  then  associated  at  the  same  time 
with  a  sliglitly  wrinkled  condition  of  the  capsule.  When  the 
blu.xation  is  at  all  marked,  a  pushing  forwards  of  the  iiis  at 
«ie  portion,  and  a  consequent  shallowing  of  ilie  corresponding 
fA)rtton  of  the  anterior  chamber  is  observed,  with  a  treniulous- 
nwis  of  the  iris  in  the  opposite  direction.  There  Ls  then  no 
ibiliculty  in  the  diagnosis,  es(>ecially  when  the  pupil  is  well 
dilatecl,  and  the  edge  of  the  lens,  often  slightly  seri'atcd,  is  to 
he  wen  with  tlie  opIitJialmoscope. 

Complete    dislocation    takes    place    iiUo    the    cUrcous,    or 
12 
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forwards  into  the  anterior  chnmher,  or,  in  case  of  m]!' 
the  sclera,  suhcmijunciivaUy.      The  first  is  the  most  c-i 
The  dislocation  way  l)e  so  complete  tliat  the  lens  is  *:\ 
I'eiuoved   from  tlie  line  of   siglit,  and   lies  at   the  W'' 
the  vitreous   chamber,  where   it   may  remain  for  Iohl- 
parent,   though    as   a   rule   it  very  rapidly   l>ecou)e«    ; 
^Vhe.n    the  vitreous  is  fluid,  the    dislocated   lens  liobs  14*  jw 
down    with    the   movements    of    the    eye.      More   winiwiniT 
tlie   dislocation  is  not  so  complete,  so   that    the  edge  of  ^ 
lens  can  be  seen  with  the  (tplithalmoscope.     A  irmini;!' 
location  is  very  frequently  iissociated  with  a  separaliu:i 
peripheral  attachment  of  a  portion  of  the  iris  (iiido-tiiiilrsi»i 
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J  T.T 
Kio.  50. — Traumatic  dislocation  of  the  lens  from  a  blow  at  tfce  point  x . 

or  inversion  nf  the  iris,  either  tomplete  itr  partial  (see  Fi(;. 
50).     Often  in  the  case  of  idiopulhic  dislocation  the  leus  ha* 
l_»een  previously  opaque,  and  vision  may  even  he  improx'ed  liv 
the  dislocation.     An  idiopathic  dislocation  is  mainly  met  Vrith 
in  cases  of  disease  of  the  vitreous  (see  Fig.  .)1).     The  intimate 
connection  l^etween  the  zonule  and  the  hyaline  membrane  of  the 
vitreous  hrinps  about  a  participation  of  the  hgament  in  disease 
of  the  vitreous.     Dislocation  into  tlie  anterior  chaml>er  is  not 
nearly  so  common.     It  mostly  takes  place  in  aises  where  the 
lens  is  small  and  calcareous,  hut  full-sixed  transparent  lenses 
ai*e  occa-sionally  dislocated  iw  this  direction.     Tliey  often  thcti 
remain  tmnsparent  or  semi-transparent  for  a  long  time.     It 
would  appear  that  a  cei'tiiin  proportion  of  cases  of  dislocjiti™  of 
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Uw  dear  lens  forwards  ar©  cases  in  wliich  there  previously 
tsxisted  congi:>nitjil  tlisplueeinent.  In  a  nuni1>er  of  ciises  of  this 
Aociiittit  trljtcb  liavc  cciuie  under  niy  own  ol^servation,  I  Imve 
not.  however,  l»eeu  ahle  to  cniiHriii  thia  connection.  The  two 
forms  of  disli^ciition  descril)ed  are  very  apt  to  set  up  irritation 
witli  increased  intrutKuiar  tenmon.  This  is  most  likely  to  occur 
in  the  traunmtic  cHses,  and  not,  in  uiy  experience,  more  commonly 
i&  thti  <ioe  fr^nu  than  the  other,  altliou^h  probably  the  eye  of  a 

Toiing  iudi\iilnal  at  leaist  could  more  readily  tolenile  a  dislocation 

ItiekwitnLEf  than  forwards. 

Ab  to  trcaimcni,  interference*  is  only  calle4i  for  when  the  con- 

'Ulioii  gives  rise  to  irritation.     The  dislocated  lens  should  then  be 


Fiti.  51. — Irjiopftthic  dia location  (»f  the  Itmft :  ectopia  Irntiik 

eitnicU**L  In  onler  to  do  this  sncccKsfnlly  care  should  be  taken 
to  make  u  sutticiently  large  incision.  When  the  lens  lies  in 
thf  Hnti^rior  eluiinl»er  thort*  is  no  occasion  for  attempting,  what 
hleed  I  liave  always  found  im[M:»ssil»le  in  the  case  of  a  full-sized 
'ur  lens,  to  avoid  wounding  it  with  the  knife  in  making  the 
incision,  which  should  be  downwanls.  Some  vitreous  generally 
ijiea,  tfMJ.  but  this  cannot  well  Ix;  avoided.  More  difficulty  is 
:p(rrieuotNl  .sometimes  in  the  extraction  of  a  backwardly  dis- 
plaeed  lens.  In  tiuch  eu^es,  after  making  a  lai^e  incision*  a  acoop 
bu  u.siuilly  to  l»e  use*!  for  removing  the  lena.  l)inerent  methods 
ol  fixing  the  lens  in  s<^me  deHnite  position  In^fore  extnicting 
have  lieen  devised,  bat  these  as  a  rule  are  not  necessary. 

Svlconjunctirrti    didocation   (see    Fig.   52)   is    only  caused 
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traumuti Cully.     It  occurs  almost  invariaMy  iu  adulu*.  in    ' 
the  elasticity  of  the  sclera  is  less  tbaii  in  young  indiv.. '" 
As  a  nile,  if   uot  invariably,  the   rupture  of  the  stien  » 
esca]>e  of  the  lens  take  place  upwards,  and  astonisliiui;- ' 
reaction  follows  the  injury.     Theiv  is  gt-nenilly  a  good 
hieuiorrhage  at  the  time,  so  tliat  tite  p<arts  are  not  wvll  s^^eit,^ 
the  lens  is  easily  made  out,  lyin*^  helow  tlie  conjunctiva.        ^^ 
the  wound    iii    the   sclera    has   healed,  it   has  a  clirry"     ^**™' 
colour,  owing  to  an   entanglement  in  the  cicatrix  of  f^i^'"™ 
from  tl»e  cilijiry  Imdy  nnd  iris. 

The  treatment  aymi^hi^  in  incising  the  conjunctiva,**^  ** 


Flu.  52. — Subconjunctival  dislocation  oC  the  Icna. 

permit  of  the  escape  of  the  lens.  Tliis  should  geuerally  be  dc 
as  soon  as  possible,  especially  if  a  portion  uf  lens  is  inchid 
witliin  the  lips  of  tlie  wnuml. 

Complete  expulsion  of    the  lens  from  the  eye  someliin 
tliuugh  comparatively  rarely,  takes  place  as  the  i-esult  of  acti 
tlent.      It    is    nunc  conuiKHj    for  it   to  escape  through  a  lury*^ 
perforating  ulcer  of  the  cornea,  after  which  the  eye  geneJuU)' 
shriid<s. 

I  ongeidtttl  displacement  of  the  lens,  or  ect<tpia  Itniis^  occnrs 
mostly  upwards,  or  upwards  and  inwards,  and  upwards  and  out- 
wards.    It  is  often  met  with  in  several  members  of  the  saifltf 
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ikmily.  aiul  is  heretliUiry.  The  defects  of  vision  ilepeud  to  a 
It  vxtent  on  thi?  anioimt  uf  displacement.  Ah  a  rule,  tlie 
silt  dirvcts  Ids  attentinu  either  to  the  images  formed  by 
ivfraetion  thrungh  the  lens,  or  to  those  formed  by  the  rays 
which  fftach  the  retina  withmit  passing  throu<;li  the  lens.  The 
UUAiiiirr  in  which  he  sees  depends  partly  on  tlie  extent  of  the 
displAconic*nt,  and  ])artly  on  the  state  of  refraction  with  or 
without  the  intervention  of  the  lens.  Usually  the  rays  passing 
thntii^h  the  lens  are  U»o  stnnij^ly  refracted,  tliuse  jjitssing  by  the 
9kle  of  it  too  weakly  refracted,  so  that  in  tlie  first  ca5*e  there  is 
lyoftia,  and  in  the  second  Iiypermetropia.  Whether  the  vision 
ma.ifit  iinproveil  by  concave  or  convex  glasses  can  as  a  nde 


Fin.  Ei3, —CululiuaiA  uf  leiu*  fnmi  •  oase  of  Aym^fi. 

^"^.^^  lift  determined  on  trial  .Sometimes  tliey  are  oqnally  jj^ootl, 
"'^^^  the  one  protlucas  more  diplopia  than  the  other.  On  the 
^"^^•le,  the  monocular  diplopia  to  which  the  condition  gives  rise 
^  *«iore  evident  when  the  refraction  is  coiTected  than  when  no 


is  worn.     The  improvement  in  vision  is,  however,  in  some 
,  very  grcjit,  and  the  diplopia  soon  ceases  to  cause  any 

Ectopia  is  due  to  a  faidty  development  of  one  portion 
till'  zonole.  It  probnidy  always  occurs  ui  Imth  eyes,  and  is 
"^^joently  dissociated  with  \\.  tiefect  ii»  tlie  jwwer  of  conver- 
l^tjiti.  A  traumatic  dislocation  into  the  anterior  chamber  is 
'^^*>rD  likely  to  occur  wliere  there  is  a  congenital  displacement 
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than  where  the  lens  is  in  its  normal  situation.  Kotwithstul 
ing  the  displacement  the  lenses  remain  transparent  throng 
life. 

Two  very  much  rarer  malformations  of  the  lenticular  systa 
are  met  with : — (1.)  Coloboma  lentis,  or  a  defect  in  the  lena  W 
only  occurs  in  cases  where  a  large  and  continuous  coloboai 
exists  of  the  choroid  as  well.  And  (2.)  what  has  been  cM 
Lenticonits,  and  described  as  a  conical  protrusion  of  the  la^ 
very  much  resembling  keratoconus.  In  lenticouus  we  find,* 
illuminating  the  pupil  with  the  ophthalmoscope,  that  evay 
movement  of  the  mirror  causes-  crescentic  lights  and  shaikii 
to  play  round  an  enclosed  circular  area.  Within  tiiis  va^ 
which  is  smaller  than  the  pupil,  retinoscopic  shadows  to 
myopia.  Outside  it  there  may  be,  and  generally  is  found  to  Ift 
hypermetropia. 

Three  parasites  are  said  to  have  been  found  in  the  hmna 
lens — species  of  Filaina^  MoTtostovia^  and  Distama. 


CHAPTER    VI. 

DISE^VSES  OK  THE  RETIXA  AM)  OPTIC  NERVE. 

Diseases  of  the  Retina. 

VcfcY  cotisidemlik^  {ihj.sioliigicAl  diflertMices  exist  in  tho  degree 
of  vwscukrity  oi  the  retina — timt  is,  in  tho  de^e  sh»iwn  by  the 
ooloitraucl  appfamnce  of  thi-  ve8s<'ls.  Ou  this  account,  and  tJso 
b«ci^«K  tlie  uia^nifiiMitiou  of  the  ophthahnoscopic  image  is  not 
nfiejenily  jin^at  for  the  detection  of  small  diflerencfs  in  the 
aia^  *»f  tiie  vessels,  it  is  impossihUt  to  dniw  a  Imrd  and  fast  Hue 
Ivt-vw^n  the  nonnnl  state,  and  deviations  in  the  dii'ection  of 
VUioxiLU  on  the  one  hand,  and  hyin'raiuia  on  the  other.  For 
thfcoe  reasonfi,  xoo,  us  well  as  for  others  connected  with  peculi- 
■rit.i«8of  tho  intmrMHilHi'  circuhition,  thy  observed  condition  of 
tb«^  retina]  vetjHels  dnes  not  aBbrd  l>y  any  means  as  delicate  an 
in^liciHioD,  eitlier  of  the  stiite  of  the  eerehral  circulation,  or  of 
tl>t?   hwirl.  AS  might  lie,  and  indeed  has  been  snpposeil. 

iSchull^n,  who  has  studied  thia  question  very  thomughly 
fn>na  the  ex|>eriniental  side,  has  pretty  conclusively  shown  that 
whfr»ii  there  Ls  increased  atHnx  of  IiIikmI  t*t  the  Imiin  without  col- 
lateral hvpcncniirt,  u  similar  attiux  must  take  place  U*  the  ocular 
v»*H«'Jj^  A  passive  hypenemia  of  the  brain,  owing  to  implied 
vcnouB  cin'tiliititin.  need  nut,  however,  ixiXerl  the  eye,  as  the  ocular 
TeiiiR  have  other  channels  into  winch  they  can  empty  thenist^voa 
^**j*le«  the  cerebral  sinus,  a  thixunljosis  of  which  might  therefore 
*"X'nr  withiiui  inlliieiuting  the  ein*\datioti  within  the  eye.  When 
ihn  veuiiua  impediment  lies  farther  oU",  in  the  jugular  vein  or  iu 
^^  ttiomx,  there  will  lie  at  the  same  time  a  visible  interruption 
"*  ^W  cirt'uliition  within  the  »'ye.  Interruption  in  the  c4irotiil 
''^^i^Ution  ailects  the  eyes,  although  the  amcmia  which  this 
^Us«i  tnay  not  l»e  apjiarenU  In  aortic  stenosis,  for  instance, 
*'?  nuiutuiuing  pres-siire  with  the  (inger  on  the  eye  while  exam- 
^ttMtl?  with  the  o]ihthaimiisi.-ope,  the  prolonged  wave  of  pnlsiition 
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cnri  lie  well  seen  and  di.stingnislied  from  the  slmrp  l»eat  which 
woura  iinilpr  similar  circunistuncws  in  normal  conditions  of 
the  circulation.  In  aortic  n*gm^itation  there  may  or  iiiny  not 
be  spontaneous  pulsation  of  the  i-etinal  nrtery  and  vein.  This 
depends  mi  the  degree  of  eompenKation,  or  on  whetlier  nr  not 
there  are  other  complications;  if  the  mitral  is  also  affected  there 
is  nsually  no  pulHatiou. 

Vemma  pulsation  is  often  seen,  most  frequently  on  the  disc, 
and  is  not  necessarily  indicative  of  aiiy  pathologiwd  condition. 
It  UKunlly,  indeed,  defhends  upon  Sduie  interrni>tion  in  the  vessel 
itself,  where  it  heuds  suddenly  round  uu  artery  or  some  |mrt  of 
the  nerve. 

Spontaneous  arterial  pulsation  is  patholo^dcal»and  indicative 
either  of  some  general  ciirnlatory  disturliauee,  sometiiueii  only 
increased  canlinc  action,  or  of  increased  intraocular  tension. 
Wieu  there  in  incrensed  Leusinn  alone,  wliat  is  seen  is  a 
quirk  Hash  of  blimd  rapidly  disLeuLling  one  or  more  of  the  more 
or  less  collapsed  arterial  trunks  on  tlie  disc  synchronously  with 
e4i€h  lieart-Ue«t.  On  the  other  hand,  the  pulsation  sometimes, 
but  hy  nu  means  invariably,  seen  where  there  is  some  diseased 
condition  of  the  aortic  valve,  is  a  comparatively  gradual  dihitu- 
tiou  of  the  artery,  producing  often  at  the  same  time  a  visible 
movement  uf  the  ve^ssel.  This  form  of  pulsjition,  t*M.»,  is  not 
confined  to  tlie  trunks  on  the  disc,  but  is  often  more  distinctly 
seen  at  other  parts,  partictdarly  where  the  vessels  divide  or 
make  sharp  turns. 

Vascular  changes  in  the  brain  need  only  appear  simul- 
taneously in  tJie  eye  when  the  cause  of  such  changes  is  a  central 
one — that  is.  due  to  irritation  or  pamlysis  of  the  vasomot<jr 
centre  in  the  medulla.  An  increase  or  diminution  in  the 
amount  of  cerebro-spinal  Hidd,  giving  rise  to  alteretl  conditions 
of  the  brain,  need  not  affect  the  circulation  in  the  eye,  though 
such  conditions  may  be  folluwe^l  by  other  ophthalmoscopic 
changes.  Pronounced  ischaniia  of  the  retina  htuj  been  observed 
along  with  whouping  cough ;  the  condition  is  not  permanent, 
and  is  probaldy  spasmodie,  although  other  possible  causes  have 
frequently  been  suggested  to  account  for  the  marked  diminution 
in  calibre  of  the  vessels. 

Very  ilefinite  changes  in  the  colour  of  the  blood  have  been 
met  with  in  difl'erent  diseiises.     In  intlammatory  conditions  of 


DISEASES  OF  THE  RETINA. 


85 


rptinn,  fts  well  as  in  all  conditiona  of  other  or{jriuis  \v!iere 

^  b  a  rapid  waste  of  tissue  or  defective  oxygenation,  the 

W4Kid  in  the  retinal  veinn  may  appear  eonsiilerahly  »lurker  than 

n'»rrnaL     The  apj)eurance  is  by  no  meant*  always  indicative  nf 

*">  (actual  darkening  of  the  bIwHi,  but  is  often  mostly,  or  it  may 

*  entirely,  due  to  the  ^o'^ater  contrast  which  is  aliVmled  by  the 
•Pollen  condition  of  the  i*etina.  In  eiises  of  severe  dinrrhff'a, 
*V»entcry,  and  choh*ra.  both  arteries  and  veins  liave  l>etni 
**oawveil  to  Ije  much  darker  than  norniaL     On  the  other  hand, 

*  *i|j:liter  coloration  of  the  bltKnl  is  met  with  in  chlorosis  and 
*^'Hii  coudiiions  which  give  rise  to  excessive  aua^inia  or  poverty 
"*  blond.  lu  leuktf^mia  it  may  be  vei'y  pale  or  even  greyish  in 
'^I'lur.  wliiLst  in  jaundice  tliere  is  occaaionally  said  tii  l)e  a 
**^tmctly  yellowisli-green  discoloration. 

The  streak  of  reflection  along  the  arteries  is  brighter  the 
5*8JHer  the  colour  of  the  bloi:>d.  It  is  found  to  be  narrow  and 
npj:iarent  when  the  bloo<l  is  thick  and  albuminous,  bnvider 
1  more  distinct  when  it  is  thin  and  water}-.  It  is  very  doubtr- 
Al.  however,  in  how  far  any  conclusion  as  t^j  the  state  nf  tlie 
bliMxI  might  Ije  justified  by  the  olwen'ation  of  this  phenoiuenon. 
Which  appears  to  vaiy  pretty  much  in  distinctness  under  per- 
fiHlty  ](hysio]ogi('ul  conditions.  Any  marked  (e4leniat4:ms  condi- 
tion of  the  retina,  such  as  that  which  occurs  from  embolism  of 
the  central  artery  or  commotio  retinas  causes  the  streak  of 
retlecLion  t^*  tlisiijipear  more  or  less  completely.  It  is  aljsent, 
too,  in  detachment  <jf  the  retina. 

Altenitions  iu  the  size  of  the  vessels  i»ccur  in  disease.     Botli 
\r  i)d  veins  may  be  either  enlarged  or  diminished.     It  is 

^Iti  nion,  however,  to  find  the  calibre  of  the  veins  iuerejised 

and  that  of  the  arteries  diminished.  Indeed,  most  inflammations 
of  the  retina  cause  thia  Owing  to  localised  phlebitis,  S4:>me 
only  of  the  retinal  veins  may  lie  i*nlarged,  and  that  often  in  an 
extreme  <legree.  It  is  rare  to  find  the  lutenes  increased  in  si^e, 
whilst  diminution  in  the  size  of  the  veins  is  only  met  with  in 
the  HuV*ae<picnt  atrophic  stages  of  retinal  inflammation. 

Soiuotimes,  though  very  rarely,  a  formation  of  new  vessels  is 
to  have  taken  place  in  the  retina.  Usually  this,  wlien  it 
ipMs.  bt  part  of  the  priK^ess  of  organisation  of  an  idd  blood 
tint  More  fre(]uently  there  may  Ite  seen  leashes  of  small 
vtsBsels  paasing  into  the  vitreous  and  springing  from  the  retinal 


1 86     DISEASES  OF  RETINA  AND  OPTIC  NERVE. 


vessels.      A  raie  occurrence  iu  connection  with  the  vasculai 
system  of  tlie  retina  is  the  anastomosis  of  some  vessel  eltlu 
with  another  retinal  vessel  or  with  a  choroidal  vessel. 

The  retinal  vessels  seem  to  Ik?  very  little  liable  to  aneurism: 
only  a  very  few  ctises,  in  which  aneurismal  dilatation  haa  beei 
met  with  to  any  extent,  have  been  recorded.     Perhaps  the  con*i 
dition  is  not  rjuite  so  rare  as  the  paucity  uf  observatious  durin 
life  might  lead  rine  to  suppose;  it  1ms  certainly  been  seen  raoi 
frequently  after  death.      The   subject   is,  however,  hartUy 
practical   iuip«n'tauce,  LlRm^h   the   fact  of  the  rarity  of  retini 
aneurism  is  not  n  little  remarkable,  considering  that  pntbabl; 
all  forms  of  disease  of  the  vascular  walls  occur  in  the  vessels  o| 
the  retina  as  well  as  elsewhere,  and  consequently,  as  will  l»e 
seen.  lKemorrha}j;e   from   the   vessels   is   far   from    uJu;omm<m. 
ProlMibly  the  supjwrt  given  by  the  pressure  of  the  fluid  within 
the  eye  accounts  for  the  general  absence  of  such  dilatations. 

Hyi'Ek.kmia  (»f  the  Keti.na. — As  has  alivady  L>een  said,  it 
not  always  quite  easy  to  say  that  the  apparent  congestion  in  aiij 
particular  case  excc^eds  the  iKjuiids  <jf  physiological  variation. 
In  coming  to  a  conclusion  on  this  puint,  it  is  well  to  jmy  atten- 
tion to  the  relative  sizes  of  arteries  and  veins.  The  calibre  of  a 
retinal  artery  is  never,  under  altogether  normal  condition* 
much  leHs  titan  t.hree-<[uart<n's  that  of  the  corresponding  vein. 

Hyperemia  in  the  retina,  as  dsewhere,  may  be  active 
passive.     An  active  hypera:mia  may  W  set  up  by  all  such  con- 
ditions  as  call  btr  auv  unusual   straining  of  tlie  eyes,  such 
reading  in  the  dark,  or  prolonged  attempts  at  deciphering  difti- 
cult  manuscript  or  bad  print.     And  this  fonn  of  strain  may 
favtaired,  ami  more  readily  lead  to  congestion,  wlien  there 
eitlier  some  general  weakness  or  some  marked  error  of  refractioi 
whicli  renders  j>ersistent  exercise  of  this  nature  more  irksomfli. 
The  intluence  of  the  lnwer  degrees  of  refractive  errors  in  thi 
respect  has,  however,  been  grejitly  exaggeratf*d.     Active  hyi>er- 
temia  of  the  retuia,  too,  is  met  with  along  with  conjunctivitis. 
Finally,  it  may  merely  be  present  as  the  tiret  stage  of  an  intiaui- 
mation  of  the  retina — rcfmitis — which  either  exists  alone  or  i^fl 
associated  with  intlammation  of  otlier  at  the  deeix^r  parts  of  the 
eye.     As  the  normal  relation  in  the  si;;e  of  the  artery  and  vein 
is  pretty  well  maintained  in  active  hyperannia,  the  diagnosi 
depends  greatly  on  oliserving  the  state  4»f  congestion  of  the  opti< 
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«Jusc>  whioli  in  such  cAses  dries  not  show  so  marked  a  contrast  in 
colour  from  the  snrnMinding  fiuuhis  aa  is  usual.  At  the  same 
xiim\  how*.»ver,  there  in  no  indistinctness  of  its  margins,  sueli  as 
otcara  when  iat1amniat«try  .swelling  nf  tlie  papiUa  takes  ])lac'v. 
V*  cans*:*  of  the  deeiHtr  eolonitioii  (»f  the  dise,  is  of  wiunw  the 

ingin^  more  into  view  of  tlie  .siimller  vessels,  and  a  similar 
excess  in  the  numl>er  of  visible  vessels  eiui  alsii  Iw  luade  out  ))y 
tile  pnietised  olwiener  in  other  |>art3  of  the  fundus  na  well. 

Pa^ive  hyjieneuiia,  aw  the  otiier  hand,  being  due  to  some 
iuterferiMjce  in  the  venous  circulation,  or  iu  both  venous  nnd 
jirtrrtal  -circulation,  gives  rise  to  an  abnormal  relation  iu  the 
of  arteries  und  veins.  The  veins  wxv  incivjuseii  in  size, 
sometimes  to  an  excessive  <legree.  while  the  arteries  either 
ivtaLn  their  normal  size  or  become  diniinisheil.  The  interruption 
t4»  the  circulation  may  Ix?  in  the  eye,  as  in  the  case  of  glaueomn, 
or  p.xtenial  to  it, — pnnluced,  for  instance,  by  prejisure  on  the 
>tii;   nerve.     Congested]   retinal   vessels   have   not   only  their 

ibre  iiicreasetl.  but  are  also  lengthened.  On  this  account 
tfier  take  a  more  tortuous  course  than  normal,  the  tortuosity 
fining  greater  at  right  angles  to  the  retimil  surface  tliau  iu  the 

face  of  the  retina  itself.  Contiguous  portions  of  a  vessel 
may  therefore  l)e  at  diflerent  levels,  and  conseijuently  not  in 
accnrate  fixrus  at  the  same  time.  This  undulatory  shape  causes 
the  blood  in  some  parts  of  a  vein,  when  its  directitm  is  such 
Umt  a  greater  column  is  looked  through,  to  appear  darker  than 
»t  others  where  only  a  column  the  thickness  of  the  vessel  ilstdf 
18  seen,  and  this  diflerenee  in  the  ap[>arent  dejitli  of  colour  in 
difterenl  sections  of  tlie  vessel  is  often  enhanced  by  a  simul- 
tane^jus  swelling  ami  intransparency  of  the  retina,  (ireat  tortu- 
osity iu  the  plane  of  the  retina  is  most  frequently  only  a 
ouiigeuiud  peculiarity.  PaKsive  hvjK'nemia  is  de^icribed  by 
Lebrr  as  occurring  in  cases  of  congenital  cyanosis,  iu  which, 
tou.  the  blood  Ls  of  the  same  colour  in  both  arteries  and  veins, 
iu»d  there  is  no  interference  with  vision. 

Ax.tJtfiA  OF  THE  Retina. — 8(jme  of  the  general  conditions 
vhieh  are  associated  with  umemia  of  the  retina  have  already 
been  referred  to.  The  changes  are  not  sufficiently  marked  as 
a  nile  to  alToril  any  ini{M>rUuil  evidence  of  the  existence  of 
uia'mta  of  tiie  brain,  and  indeed  moat  cases  of  general  ana-mia 
art*   not  Associated  with   any  marked   iseluemia  of   the  retina. 
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Aniumia,  too,  from  excessive  loss  of  blood,  only  produces  toi- 
jToi-ai  y  ischaniiia  of  the  retina.  The  ophthalmoscopic  appw- 
ances  met  with  in  pronounced  cases  of  ischemia  are  great  pak] 
of  tlie  disc  and  narrowing  of  the  lumen  of  the  vessels.  Thereaj 
besides  altogether  fewer  retinal  vessels  visible  over  the  fuod* 
Isduvmia  of  the  retina  may  be  functional,  when  itbda 
to  vasomotor  constriction,  or  toxic,  the  effect  of  the  poi«B 
l»ciii»^'  of  the  same  nature,  viz.,  causing  constriction  of  the  vtssA 
by  some  irritation  of  the  vasomotor  centre.  A  most  marked 
and  not  ajiparently  very  infre([uent  example  of  toxic  ischsemii 
is  that  produced  by  overdoses  of  quinine. 

There  can  lx»  n<»  doubt  tliat  it  is  the  (juinine  and  not  the  Mndiika 
for  wliieh  tho  (juininc  i:4  ndminifttcred  that  gives  rise  to  the  iuhstQiL 
1'his  wns  (letiiiitoly  proved  by  liarabaseheff,  who  experimented  on^fW 
of  his  collciigues.  No  chiubt  the  apjicanmces  are  due  to  poisonin'^^^ 
the  vasomotor  centres  and  couse*iucnt  constriction  of  the  peripW 
vessi'Is, 

In  the  ^vo^si  cusos  of  quinine  bUndness,  which  are  nereithel*!* 
reeovered  fi-oiu,  there  is  n  persistence  of  the  pallor  of  the  di«c  andtlie 
namiwiiig  of  tlut  retinal  Vessels.     I  have,  for  instance,  seen  ft  casein 
which  the  ])oisouing  took  ])lace  two  years  before  the  patiant  camt 
under  my  o})servation,  with  .such  a  coni2)lete  abseuce  of  any  colour  ia 
the  tlis(\  and  such  exc(?ssive  eonstriction  of  the  retinal  vessels,  thai  it 
lecalh'd  the  app<;arances  met  with  in  many  cases  of  complete  op 
atroijhy.     Xm-ertheless,  in  this  ciu^e  recovery  hail  slowly  taken  ph«, 
and  tlu-  visual  aeuity,  colour  vision,  and  light-difference  perci'i»tioa 
liad  all  bnt  readied  a  normal  standard. 

Tlie  (.uutinuanee  of  vascidar  constriction  has  been  referred  l-y 
Horner  to  entlovasculitis  set  up  by  the  prolonged  spasmodic  vasouUr 
eonstrirliun. 

Much  the  more  common  cause  of  ischiemia  is,  however,  dif 
atrophic  form,  which  occurs  after  optic  neuritis,  essential  atrophy 
of  the  ojftic  nerve,  and  inflammatory  and  other  degenerative 
changes  in  the  letiiia.  Lschiemia  is  also  more  or  less  marked  in 
cases  of  embolism  of  the  central  artery  of  the  retina. 

liKTiXAi.  }LK>fouK»A(;Es.  —  Hiemorrliage  from  the  retinal 
vessels  is  by  no  means  an  uncommon  occurrence.  The  ophthal- 
moscopic appearan(*es  difler,  as  well  as  the  degree  of  visual 
disturbances  ])roduced,  according  to  the  position  and  extent  d 
such  hiemorrhage. 

Ha*mon'hages  are  fre<iueut  in  all  cases  where  there  is  ret- 
initis.    Of  other  local  conditions  apt   to  be  accompimied  hv 
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lut'morrbages  may  l)e  meutioued : — EinlK)listu  of  the 
artery  and  throinlx)sis  of  the  central  vein,  as  well  as 
lly  sudtien  campressiou  of  the  central  vessels  l)y  hu'inor- 
;inlo  the  sheath  of  tlie  optic  nerve,  glaucoma,  atheromatous 
lyuluid  degeneration  of  the  retinal  vessels  and  traumata. 
ley  are  met  with  altogether  inde[>eudent  of  local  inflam- 
f>T)*  or  other  changes  in  many  states  where  there  is  a  diseased 
Ution  of  the  blood.     The  bleeduig  may  be  confined  to  the 


Tic.  6L — RettnAl  hnmurrliagea  from  a  blow  on  the  «y«. 

itself^  or  it  may  pass  Ijackwords  and  cause  separation  of 
slina  fr»»m  the  choroid,  or  forwards  into  tlie  vitreous.     This 

EUt  is  not  common,  and  only  likely  to  take  phice  when  a 
ank  is  ruptured  by  accident  or  disease.     Hitmorrhagic 
lent  of  the  retina  is  almost  invariably  traumatic.     It 
i*s  in  cases  where,  wilh  a  tendency  at  any  nite  to  hn-mor- 
owiiig  to  an  altered  state  of  the  vessels,  the  intraocvdar 
is  suddenly   lowered   by  the   escape   of  some   of  the 
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contents  of  the  glal>e.     It  occurs,  for  instance — fortunately  onlyj 
very  rarely,  howtn'cr, — after  catjiract  extraction.     It  is  much' 
moi'e  frequent  after  iridectomy  f'^r  glaucoma.     Harmorrhi 
into  tlie  retina  usually  lie  in  close  proximity  to  the  vessel 
When  situated  in  the  layer  of  the  nerve  fibres,  which  is  ver^ 
often  the  c-oso,  as  it  is  in  this  layer  that  the  larger  vessel 
(nurse,  tliey  have  u  tendency  to  be  elongated  in  shape  with 
sharply  detinetl  sides  and  irregular  radiating  ends.     TIjLs  fonxLH 
of  retinnl  hii'morrhage  is  distinguished  as  ^\.  Jfamc-sliaprd  /«r7nor^^H 
rhage.     The  [>eculiar  sluipe  is  occasioned  by  llie  direction  of  the 
nerve  fibres  l»etween  which  the  blfx»d  settles*  and  is  constrained] 
to  pass.     Only  larger  haemorrhages  in  this  part  of  tlie  retini 
can  assume  a  nu)re  iiffgular  fnrm,  the  extent  of  the  extra 
vasation  Ix^ing  then  stilficieut  to  overcome  the  resistance  of  tb( 
nene   hbres  which   ai'e   pushed   aside   or  ruptured.      l>ee| 
hanuurrhages  in  the  retina  are  circular  or  iiTcgular  in  shape 
with  a  tendency  rather  to  pass  backwards,  owing  to  the  resist 
ance  offered  by  the  connective  tissue  fiV>i*e3  of  Miiller.  than 
spread  HupcrhLially.     Ha'morrhages  when  numerous  are  usuidly 
found  in  the  ncighlHiurliood  of  the  large  vessels:  mostly,  there- 
fore, ne«r  the  disc     Frequently  th'e-y  are  distributed  in  a  radii 
iMMinu'r  rountj  tlie  disc.     Less  numerous  luemorrlHtges  ai'e  ut 
iulretjueutly  found  in  the  region  of  the  macula.     Often,  indee< 
there  is  oidy  a  single,  and,  it  uuiy  be,  quite  a  small  lnemorrhug< 
in  tliis  situation.     Occasionally  a  few  hii*morrhages  may  be  seen 
conhned  to  some  particular  part  of  the  fundus.     It  is  not  alwavi 
easy  to  detect  the  reason  for  this,  but  sometimes  it  is  due 
localised  phlebitis  and  thrombosis. 

Tlie  subjective  syiriptnms  i\y  wliicli  haemorrhages  into  th 
retina,  unassitciated  witli  retinitis,  give  rise,  depend  ou  tliei 
position  ami  extent.     Wlieii  they  are  peripheral  thei*e  are  m 
evident  symptoms,  altliough  if  large  there  will  be  found  to 
a  corresponding  defect  in  the  field  of  vision.     When  ocsci 
at  or  nejjr  tlie  mafMdfi  they  give  rise  to  a  positive  scotoma, 
sometimes,  init  comparatively  rarely,  to  coloured  vision.     Thus,? 
when  fi*esh,  |)atients  may  complain  of  a  reddish  cloud,  which 
afterwards  {ip|icHra  greenish,  in  front  of  their  eyes.     Theobjecl 
seen  in  the  region  of  the  scotonm  as  it  clciirs  away  may 
distorted — tlwit  is,  the  patient  may  be  conscious  of  nioro  or 
mttamorpkop»ia. 
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Snmller  retinal  htPinorrliagefi  fire  generally  absorlied  witlioiit 
Ittviag  auy  tnic*>  and  witlvmt  umiergoiug  any  discoloration. 
Itf^ter  haMnorrhagea  gi'inTally  leave  souit*  tnioe  in  tim  shu|K'  of 
deijenerated  |>atches,  in  which  cholesterin  occasionally  forms, 
.iml  ^vwi  rise  U)  a  very  brilliiint  reflection.  The  appearances, 
lli»!Tefore,  of  old  hitniorrhagic  spots  as  seen  with  the  o])hthal- 
nii>M?ope  are  very  various.  They  may  be  mere  patches  of  greater 
«ir  less  depi^nient^ition  revealing  the  chorf»itlal  Htrncture  l>ehind. 
Or  again,  they  muy  be  yellowisli-white  or  wldte,  sometimes 
glimtenin^  white.  These  straw-coloured  or  whit*^  patc!ies  are 
often  lionlereil  hy.  and  here  and  there  covered  by,  masses  of 
]iiguieuL  Patchejj  of  this  kind  are  the  remains  of  luemorrliages 
into  the  deejjer  layers  of  the  retina.  It  is  often  ditticidt  to 
distingaiAh  them  fnnu  paU^has  of  disseminated  choroiditis. 
FituDy.  ihere  may  l»e  nothinjj;  but  irn*gular  pigment  sjiots 
left,  which  are  usually  considerably  smaller  than  the  original 
extruvasniions. 

Itetiual  h;emorrhages  in  old  {>eople.  if  due  tn  an  atheromatous 
ro!iditi«»n  of  the  vessels,  may  l>e  followed  by  glaucoma.  This  is 
the  so-called  ha-morrhiiKic  glaucoma,  iu  which  the  prognosis  is 
liad  not  only  for  vision,  but  also  with  respect  to  other  apoplexies 

ich  may  endanger  life.  According  to  von  Graefe,  if  ten 
have  elapsed  since  the  occurrence  of  the  retimd  hicmor- 
wirlxmt  any  supervention  of  glaucomatous  symptoms, 
these  arc  not  then  so  likely  to  come  on.  Small  hiemorrhnges 
<iflcu  occur  rtft<»r  iridectomy  for  glaucoma.  These  rapidly 
ditapiiear,  and  are  caused  by  the  su(KIeu  relief  of  external 
pr«wmv  on  the  retinal  arterie«.  which  are  probably  always  more 
iirless  dLs«'iised  iu  glaucoma. 

It  does  not  appear  to  be  known  exactly  how  the  smaller 
retiiw]  hji'ioorrhages  take  jihice.  Their  proximity  to  the  visible 
veseeLi  makes  it  likely  that  they  come  from  them,  and  not  from 
the  invisible  capillaries.  Yet  there  is  mrely  to  bo  seen  any 
rridencc  of  actual  ru]>ture.  On  this  accoimt  Leber  has  sug- 
geciCed  that  they  are  us\tally  the  result  of  diapedesis.  Any 
Umdency  to  rupture  of  the  vessels,  or  to  luemorrhage  altogetlier, 
ia  no  doubt  grt:^tly  counteracted  by  the  intnux^nlar  tension,  so 
that  on  thi.s  account  any  circuiustauce  whieh  sends  tlic  blood  to 
the  bead  ifi  reaUy  not'  so  dangerous  in  this  respect  as  might  at 
firM>   be   supposed.     Active  congestion   is   more  likely   to   be 
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associated  with  hieiuturhagt?  tliaji  passive,  hence  the  occurrence 
of  ha^mairliage  in  menstrual  disorders.  But  the  most  conmionj 
immediate  cause  of  retinal  ha-morrha^'e  is  ^t  he  found  in  altered] 
cxjnditions  of  the  vascular  walls,  which  admit  of  rupture  ui 
dirtpedesis,  or  in  altered  conditions  of  the  Mood  itself.  Su< 
clianges  are  produced  hy  inflammation,  atheromatosis,  scnr\\y, 
])urpum,  pernicious  unaniia,  leucocythaniia,  nephritis,  diahetea, 
and  jaimdice,  in  all  of  which  conditions  i-etinal  ha*morrtiagesJ 


J  T  M 


Fig.  55. — Sub-hyaloid  hiemorrh&ge.     Inverted  iniA^. 

may  l)e  found.  In  cases  where  there  has  been  an  excessi* 
of  bloixl,  a  serous  infiltration,  giving  rise  to  a  whitCj  somewhat 
opalosceut,  opacity  of  the  retina,  has  l>een  seen  along  with  more 
or  less  hicmorrhiige.  From  the  appearance  presented  under  s^uch 
circumstances,  it  is  not  unlikely,  as  has  l)eeu  pointed  out  b; 
P'orster,  that  the  cerebral  symptoms  which  may  ttccur  nt  tho 
same  time  may  be  due  to  much  the  same  changes  in  the  braia 

Siib-hynhifi-  hainorrhngc. — A  somewhat  rare  occurrence,  and 
one  which  givtjs  rise  to  a  very  characteristic  ophthalmoscopic 
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appearance,  is  for  an  effusion  of  blood  from  tlie  retina  to  spread 

.ovife  in  a  thin  layer  between  the  retina  and  the  vitreous  without 

yowwng  into  the  latter.    This  all  but  invariably  occurs  at  or  near 

ti:&e  centre,  so  that  the  macula  is  covered  by  a  patch  three  or 

foux  times  the  diameter  of  the  papilla.     This  patch  of  efl'used 

\>lood  is  at  first  dark  red,  with  sharply-detined  curved  margins. 

.AJter  a  short  time  it  begins  to  undergo  absorption,  usually,  if 

not  always,  from  above,  so  that  the  line  between  the  partially 

aibsorbed  portion  and  that  in  which  the  blood  \&  still  present  is 

perfectly  straight  and  horizontal.     A  hiemorrhage  of  this  nature 

Causes  a  dense  central  scotoma,  which  passes  off,  either  entirely 

^  Dearly  so,  after  the  lapse  of  several  montlis.     Tlie  prognosis, 

*o  far  as  the  restoration  of  vision  is  concerned,  is  therefore  g<x>d. 

*^e  exact  pathology  of  this  affection,  and  more  esi>ecially  why 

"»e  haemorrhage  should  so  often  come  in  front  of  the  centre  of 

^e  retina,  is  not  clear. 

ItKTiNiTiS. — lufiammatiou  of  the  retina  occurs  along  with 
choroiditis  and  cyclitis,  whether  set  up  traumatically,  syni- 
pftthetically,  or  otherwise.  Besides  this  intiammation,  which  is 
wr  the  most  part  an  extension  fnmi  the  other  uienibranes,  a 
pfna^xary  retinitis  is  met  with  in  numy  diseases  in  which  there  is 
an  Q-ltered  state  of  the  blood  or  the  blood-vessels.  Of  sucli  may 
■^  raentionetl  septic  processes  and  othei-s  which  leatl  to  throm- 
l)oais,  syphilis,  albuminuria,  diabetes,  and  vari«»us  forms  of 
anjieiiiia,  possibly  also  oxaluria. 

I*rolonged  exposure  to  strong  light,  excessive  stniiuing  of 
*-\  eyes  in  bad  light,  &c.,  in  fact  everj'thing  which  leads  to 
<i^*tive  congestion  of  the  retina,  while  it  no  doubt  favoui-s  tlic 
oeenj.j.^j^^,g  of  inflammation  under  conditions  in  wliich  it  is 
i*cely  to  be  met  with,  does  not  of  itself  snilice  to  set  it  up,  and 
*^^ii5t  be  kicked  upon  therefore  as  only  of  secondary  impottaiice 
^  t-Utj  etiology  of  retinitis. 

J^iffuse  Retinitis. — A  clironic  dilluse  form  of  inilaniniution 

^^  the  retina,  in  which  the  ophthalmoscopic  appearances  are  not 

very  marked — merely  hypera^mia  of  the  disc,  with  a  diH'use  and 

sotnetiuies  more  or  less  distinctly  striated  opacity  of  the  sur- 

'^''^Undinjr  retina — is  that  wliich  is  so  constantlv  seen  in  cases  uf 

syphilitic  choroiditis.     Apart  from  tlie  opicities  of  the  vitreous, 

^his  appearance  of  the  retina  remains  for  a  long  time  the  (july 

oijjective  symptom  of  that  disease.     A  verv  similar  appearance 
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in  the  retina  is  often  met  with,  too,  in  cases  of  sympatbeUt 
ophthuhnitis. 

The  subjective  symptoins,  prognosis,  and  ti-eatmcnt  of  diffa 
retinitis  depend  in  great  measure  on  the  accompanying  chaiigo 
in  the  choroid  and  vitreous,  and  are  discussed  under  syphililie 
choroiditis  and  Kymimthetic  inflammation  of  the  eye. 

A  curious  an<l  iiire  form  of  ix?tinitis  described  by  von  (iraefc 
uiiiler  tiie  nan)e  of  central  recurrent  retinitis,  appears  alsu  t" U 
frequently  of  syj>liilitic  (»rigin.  The  ophthalmoscopic  chawss 
in  this  disease  are  often  so  little  marked  as  to  altogether  tscaj* 
detection :  at  other  times  a  slight  speckled  opacity  may  bes«B 
in  the  region  of  the  macula.  The  affection  mostly  occui*  in 
both  eyes,  hut  may  l»e  confined  to  one  alone.  Thedflfeclol 
central  vision  to  winch  it  gives  rise  occurs  suddenly,  and  bHt 
marked  tenilency  to  recur  frequently,  the  intervals  bettW 
each  recurrence  Inking  characterised  at  first  by  compkl^Mf 
afterwarils  l>y  only  partial  recovery.  The  central  scotoHiW 
been  observed  by  Xettleship  and  othei's  to  be  riug-Bhipl4| 
first.  Much  the  same  symptoms  occur  sometimes  aloDgvH 
the  more  connnon  syphilitic  retinitis.  V 

Pvmhnf  JMiiiifis  is  sometimes  the  starting-point ol  JiiP 
(»])htludniitis,  iuu\  especially,  it  would  appear,  in  cases  intrti* 
septic  emboli  form  in  the  vessels.  Clinically,  however,  tho** 
nothing  to  distinguish  this  ail'ection  from  purulent  chowifi*< 
Willi  which  it  is  eventually  associated  whenever  the  suppurati« 
jtrocess  lu'gins. 

Hainorrhtuj'ii'-  LVfintfis. — Many  forms  of  retinitis  are  IwiH'*^" 
rli!igi(%  that  is  to  say,  the  changes  in  the  retina  are  associiiK^^ 
witii  liii'morrhages  from  the  vessels.     Only  cases  in  whicli  th*^ 
number  of   hainorrliages   is  very  great  and  spread  over  ih*^ 
wbob.'  of  tlu^  r(»tina  can  be  properly  termed  hjcmorrhagic,  i*= 
distiniruislu'd  hoin  oiIkt  forms. 

The  teini  is  riglitly  aj^plied  wlien  the  extravasations  ouU 
trilmte  a  more  iiu]M)rtant  feature  tlian  the  other  changes,  sucl 
as  swelling  <>f  tiie  papilla  and  retina,  or  the  occurrence  <? 
pat<*hes  of  futty  degeneration  in  the  ix'tina,  and  where  disease; 
of  the  kidneys  and  diabetes  can  lie  excluded,  lietinitis,  witt 
abundant  hiemorrhages  octcun-ing  in  <me  eye  alone,  is  aluittsi 
invariably  of  this  nature.  A  greater  or  less  extent  of  the 
retina  may  be  covereil   by  hicmorrhages,  most  of  which  are 
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[,  anil  therefore  suporficial,  though  some  are  more 
frnjKuIar  and  deeper  Soiuetimea  there  is  a  hiemorrhu^c  ex- 
^vuaiion  into  the  vitreoiia,  causing  npacities  in  it.  The  retina 
''•elf  ha»  oftAfii  a  dnll  iutrauspiirent  look,  more  especinlly  around 
^^  [iiflc.  Tliis  rt|»]>oar:incc  is  pnKhiceil  by  (pdeniiL  Vatehes  of 
♦I'suuiv,  such  &»  ttceur  in  other  form.s  of  retinitis,  are  sometimes 
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FlO.  StI. — Hiemurrlm^o  r^tiniliii. 


>n.  hut  tliey  are  insignificant  in  iiniount  compared  with  the 
lorrhftges.  Their  di.strihulion,  like  that  of  the  hamorrhages, 
IS  raiiial.  Tlie  disc,  although  itH  margins  may  be  completely 
oUiterttUNi,  U  not  swullen  and  prominent  as  in  pH^nllitiH, 
More  or  less  atrophy  of  the  di.se  ahva\'s  comes  on  after  8i>me 
time  has  elajised.  The  veins  are  greatly  engorged  and  tor- 
tuous,  thi^   arteriejs   usually   narrowed   and   more   or  less   in- 
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visible.     AMiite  streaks  are  ui\M\\  seen  to  accoiupaiiy  ih' 
Ocuisioually  the  wluilu  viHible  jjart  of   povtious  of  the 
trunks  art*  converted  into  white  lines.     This  hitter  flpi>t 
ia  always  niet  witli  wliere  the  httniorrhages  are  confine*!  :■ 
particular  sector  ijf  the  retina.     Sometimes  there  is  n 
lesion,  at  otiier  times  not.     I  have  never  seen  what  1  sIk 
disjMjsed  to  cull  true  liiiiuorrha^nL'  retinitis  in  l«'lh  tye.s- 
events,  not  at  tlie  same  time.     On  this  account  it  is  dilii 
believe  that  the  hiemorrhages  are  due  either  to  disease  of  ik' 
blood  or  of  the  vascular  walla.     l-.olK*r  has  suggested — altbouji 
I  am  not  aware  that  it  bus  ever  been  demonstrated — thalli* 
afiection  may  he  due  to  embolic  jdug^ing  of  numerous  sni*lW 
branches   of    the   retinal    artery.      This    explanation  iii.».'t:' 
doubtful  on  account  of  the  generally  relatively  norniiU  O'li  'i'  i 
of  the  peripheral  vision.     A  mon^  likely  cause  would  hjm 
be  vt'uoiis  thromWsis,  the  result  of  phlebitis  assijci' 
with  an   iirthritie  iliuthesis.     While  the  ct-ntral  n' 
rule  very  greatly  reduced,  the  extent  of  the  field  of  viftion  in*) 
not  be  at  all   restricted.      After  some  time  atri'j  ' 
usually  take  place,  so  that  alt]iouf;;h  the  lucmorrbaL.'' 
away,  leaving  often  little  nr  no  trace  of  their  exiat^uw,  lh» 
vessels  becumc   narrowed   \\\\\\  obliteratetl,   the  disc  p.-      ' 
the  Held  uf  vision  coneeuLrically  liudled.  just  a«  in  \\\\-  • 
the  optic  luTve,  until  eventually  the  visiim  is  completely  kH 
The  progiHJsis  is  certainly  therefore  extremely  bad  in  tlh 
ca.ses.     Sometimes  bk^utUug  takes  place  into  the  vitreou." 
and  this  may  be  ffdloweil  by  jjainful  glaucomatous  sympt*>ms. 

No  tt'fatvii'ni  is  likely  to  lie  of  mucli  good.  The  eye*  sbuiiM 
be  shaded  from  strong  light,  and  reading  or  writing  avuidoJ  ii^ 
much  as  possible,  attention  bemg  at  the  same  time  paid  to  U» 
general  health  of  the  [patient. 

Album innrk  Rtiimlis, — A  certain  proportion  of  cases  uf 
Bright^s  disease,  variously  estimated  by  diH'erent  authorities  ftl 
from  ten  to  twenty  per  cent.,  are  associated  with  more  or  1«* 
blindness  from  intiammatury  and  degenerative  changes  in  i1m» 
retina.  The  so-called  idbuminuric  retinitis  met  ^vith  in  sncL 
cases  is  often  so  ciiaracteristic  as  of  itself  to  ivnder  the  diagnosia 
of  kidney  disease  all  but  certaiji.  At  other  tinier  a  retinal 
jntinmuuitiou  of  undoubtedly  albiuninurie  eunsation  may  uot 
present  symptoms  wliicli  are  at  all  characteristic. 
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The  ophthalmoscopic  appearances  in  albuminuric  retinitis 
'■  i"  "»T)  ari',  spenkin;t^  ^iMitrally,  mmv  or  le.'^a  hyperji'iiiia 
nag  uf  the  papilln.  sliglit  increase  in  the  calibre  of  the 
'^^iusiUKi  (limiuutiim  in  that  of  tiie  arteries,  and  diffuse  uiwicity 
^*  ihe  re-tinn,  with  luiuiorrliajjes,  and  the  forniuticui  of  \vl»ite 
f*^tcho»,  which  are  eonlined  at  first  to  the  region  of  the  posterior 
f***lc.  The  changes  in  the  papilla  are  at  first  very  sliglit,  and 
^■Wre  is  some  oj-Ku-ily  of  tl»e  retina,  and  a  few  liivmorrliajres  in 
^■**«  l^ortion  surrounding  the  papilla.  The  ha-ruorrhages,  too, 
^»v  mostly  deep  and  round,  less  fr^vpifntly  flanie-3hape<l  This 
appearance  is  of  itself  suggestive  of  the  kidney  lieing  the  cause, 


Fic  hi. — Albuminnric-  retinitis,  early  and  typic&l  aUgo. 


but  it  is  not  absolutely  chai-acteristic.  At  a  later  stage  white, 
and  for  the  most  part  deep-seated,  patches  of  fattily  de;^ncratcd 
exudation  make  their  appearance  in  the  retina,  while  at  the 
•wmo  time  tliere  is  often  some  swelling  added  to  the  hy))enemia 
of  the  |>apilla.  These  white  |)atches  are  mostly  found  in  the 
re^on  of  the  macula,  where  they  aw  arranjred  in  a  stJir-slmjx'd 
fiirni  nidiatiog  out  from  the  fovea.  Anmnd  this  central  figure. 
the  size  of  which  is  half  again  iliat  of  the  optic  disc  or  more, 
there  are  often  n  «uml»er  of  scattered  spots  of  a  similar  nature. 
Such  «[K)t8,  too,  are  frequently  to  be  seen  in  other  parts  of  the 
fundus  surrounding,  and  never  at  a  very  great  distance  from. 
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the  ilisc.  In  sojiie  cases  the  patches  round  tlie  disc  lecow 
conriuent,  and  thus  form  an  extensive  white  area  or  circoBr 
jmpillary  zone,  stretching  wp  to  the  disc  on  all  sides,  aud  viA 
an  iire^'ulur  margin  towards  the  more  healthy  retina.  Extensa 
on'slmots  from  this  zone  then  generally  accompany  the  larger 
vessels.  The  vessels  in  the  circumpapillary  exudation  are  sea 
to  be  large  and  tortuous,  and  are  here  and  there  altogether 
masked  by  it.  The  retina  is  thickened,  and  there  are  usaany 
large  an<l  numerous  iKcmorrhages  in  the  swollen  white  ant 
There  is  never  any  opacity  of  the  vitreous.  When  the  appear- 
ances just  described  are  met  with,  it  may  be  looked  uponK 
altogether  characteristic  of  albuminuria,  because,  althougji  i| 
seems  certain  that  other  causes  occasionally  give  rise  to  ident 
changes  in  the  retina,  yet  this  happens  so  rarelj',  that  it  may 
left  out  of  consideration. 

Little  alteration  may  take  place  in  the  ophthalmoscope 
ture,  even  after  a  considerable  time  has  elapsecL  The  pat 
and  lucniorrhagt^s  may  slowly  clear  away,  or  fresh  ones 
deposited.  At  an  advanced  stuge  of  the  disease  the  spots 
sometim(\s  very  thickly  scattered  over  the  fundus,  and  henj 
and  there,  moiv  cs]>ecially  at  the  centiv,  a  dirty  gi^eyish  difliae 
]tigmentatinn  may  <levelop  in  them.  Occ^isionally,  too,  the 
wliite  rciicction  from  the  putehes  Incomes  intensely  briUiaot 
and  metallic  looking,  owing  to  the  development  in  them  of 
clmU'stcrin.  At  the  same  time  the  papilla  and  the  retina  nuj 
lu'  vt'i'v  gn*atly  swollen,  so  that  at  places  the  vessels  entirdy 
disiippear  from  view.  The  retinal  swelling  sometimes  gives  rise 
to  the  appenrance  (tf  a  detaehmciU. 

Most  (tf  the  wiiite  ])atcho8  He  in  tlie  deej>er  layere  of  th** 
retina,  the  vessels  of  which  nmy  be  seen  to  jwss  »»ver  them  »t 
])]iices.  Others  are  ninre  suj)orlicial.  and  more  (»r  less  oniu- 
l)letely  (ilisetire  ]n)rti(ins  of  the  vessels.  These  a]»pear  to  1"' 
caused  by  vaiicose  swelling  nf  the  nerve  fibres.  Almost  in- 
vai'iably  both  e^es  an*  all'ected  iit  or  alwtut  the  s;ime  time. 

The  degree  of  blindness  produced  by  albuminuric  retinitis 
varies  very  much,  and  depends  on  the  extent  of  the  i^iitholtigiciil 
cliang<'s  at  the  macula.  There  is  therefore  often  consiilendilo 
difVerenee  in  the  visual  acuity  <»f  tlie  two  eyes.  The  disea?t' 
rurely  causes  eo!n])lete  blindness,  but  most  fi-equently  piMducfs 
so  n)iU'Ii  anddyo]tia  as  to  lender  reading  impossible.     The  tieW 
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imi  reiuains  gocicl,  an«]  nlm  the  ct^lour  visum.  Sumethnes 
l^&mount  «»f  \isuHl  *lefect  lU^es  not  coiTe«i>*iU»l  witli,  1»ut  is 
ttr  tliuu  can  W  accouxiU'd  for  by,  the  retinal  cliaiiges.  in 
cases  there  iuhv  pissiMy  lie  umeiuic  cntupliwitions.  Hitw 
ivr  seeu  ixr^wionaUy  very  marked  dettrioration  ticciir  willi- 
*)nt  any  apjiareiit  increase  in  the  Ktiuicis,  f4jllowed  aft^r  a  few 
Jays  by  iiujJMveiueut,  clearly  p«jiiiting  to  some  p<.»isoniiig  of  the 
visual  rentn*s. 

The  pro^/ufitis  in  this  diseAAe  is  alt^tgether  gloiimy,  except  iu 
Kuch  as  the  Hlhuminuria  of  preirnam-y.  where  the  cnnditi<ni 


.  J 


h\. 


-Albmniiiiiric  rctinicis,  Ut«  dct^eumtive  sCa^. 


may  lie  traiisiUtrj'.  Some  rases  improve  so  aa  eventtiully  tu 
rectjver  naefnl  vision,  iliwt  remain  pretty  stationary,  anii  die 
not  long,  gi-nemlly  nt>t  more  than  two  yeare,  after  the  onset  of 
the  retinitis.  An  extremely  grave  symptom  if*  apjwirent  detach- 
ment of  the  retina. 

Alhuminnric  n*tiniti8  is  mostly  met  \^ith  in  chronic  caftes  of 
kidney  disease.  As  the  general  Bympt<ims  are  tlien  often  little 
marked,  it  not  iufi-e<|uently  hapjK-nft  that  the  diaKiiosis  is  fir»t 
made   with  the  ophthuhnostvipe.     The  (latieutd  are  generally 
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anniinic,  and  there  is  always  albuminuria     It  seems  proWbli 
that  the  retinal  affection  is  a  direct  consequence  of  thestatefli 
the  blo(Kl,  which  arises  from  the  presence  of  a  tiiseased  Iddnij; 
It  is  in  fact  a  kind  of  chr<mic  uraemia.     It  has  not  ret  ben 
siiown  wliat  element  of  the  blood  is  deleterious  in  this  respecl 
Tlie  accompanying  In-pertrophy  of  the  ventricle  lias  been  «fr 
sidercd  by  some  as  tlie  more  direct  cause  of  the  retiuitis.  TIbi 
view  is  untenable,  because  not  only  is  there  frequently  hvper- 
tropliy  without  any  retinitis,  but  many  e:ases  of  characl^irifflc 
retinitis  have  l>een  observed  without  hypertrophy. 

The  tiratmcnt  must  l>e  directed  to  the  general  disease  wlueh 
is  tlie  cause  of  the  eye  symptoms,  the  main  indication  Iwing  w 
relieve  the  kidneys  by  promoting  the  action  of  the  bowels  awl 
skin.  At  the  Siime  time  the  usual  precautions  necessary  in  all 
deep-seated  inllammations  of  the  eye,  viz.,  shading  from  slmn:^ 
light  antl  the  avoidance  of  reading,  must  be  taken. 

Jidimfu  in  Diabetes. — In  scnne  cases  of  diabetes,  lufstly 
those  of  a  severe  type,  there  is  a  complication  with  retiuilL^ 
Diabetic  retinitis  is,  however,  veiy  rare  when  compared  wiilt 
the  albmuiuuric  form.     It  is  possible,  too,  that  some  castfs  ile- 
scribed  as  diabetic  have  really  l>een  due  more  to  accompanyiuj; 
albiuuinuria.     Only   when   there  is  no  albuminuria  can  thi^ 
retinal  cluinges  be  siifely  ascril)ed  to  other  cimditions  of  the 
blood  more  directly  connected  with  diabetes.     The  fonu  of  in- 
flamnialifni   is   not  charat'teristic,   and   very   much    reseniltk-s 
albimiinuric    retinitis,   being,   however,   less   severe,  or  iit  all 
<»vents   accompanied   by  less   marked    changea  at  the   niacuk 
The  amblyopia  j>roduced  varies  very  much  from  a  slight  defect 
of  visit »n  to  cnmplcte  blindness.     The  latter  is  due  appiiviitly 
only  to  ci»m]ili(*Jitions:  extensive  luemorrhages  into  the  vitreous 
or  gliUU'iiuiH.     ()2>acities    in    the   viti-eous  are   fretiuent.    The 
pi'Ofjiums,  owing  to  tlie  kind  of  case  liable  to  l)e  complicatetl  l-y 
retinitis,  is  almost  inviirial)lv  bad. 


lif'finifia  irifh  cirrufur  xyy<>/«.  -  I  liavo  soon  two  cases  of  a  pi'cnli;ir 
fiirm  of  ri'tiiiitis.  in  wliicli  wbito  rircular  s]X)ts  from  itli  to  ith  lb-.- 
diiiiiu'ter  of  tlie  disc  uppourod  in  the  upi)ev  half  of  the  iftina.  The 
sjiots  wore  not  very  iiuiuorous  (in  ono.  case  seven,  in  the  other  aVniut 
tM-ice  as  many).  They  Awn;  :it  some  couBiderable  diutanee  fn^ni  the 
disc,  and  distribut4^d  in  an  irnrj^ular  niannei".  Or,  Raniage,  who  was  at 
the  time  my  clinical  assistant,  begun  to  make  a  dniwing  of  the  appea^ 
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vsciiLt^i  by  one  of  theao  riuiea,  bnt  wna  unnble  to  finwh  it, 
Uie  very  mpiil  changes  which  took  pUce.     Deuse  vitreoua 
ranie  on  the  next  ilay.     The  Bame  8er|uonco  of  events  wcro 
in  the  other  case  as  well.     Both  eases  wore  raet  witl)   in 
rilh  a  pyphililic  historj-,  ami  as  the  be^ning  of  u  syphilitic 
[o-retinitij*.     The  circular  spots  in  the  rilina  may  not  unlikely 
m  rolleetions  of  yyphililie  matter.     The  iireji  of  the  retina  in 
[the  sjwt-s  were  fountl  W(us  complet^'ly  blind. 

:etixitis    Pigmentosa.  —  A    uot   vt-ry    ruiv    iliseaae,    the 
iliul  ufttiue  I  if  wliieh  is,  ui(»re  cornx'tly  speaking,  a  sclerosis 


r^^x 


r.TT 


Fid.  59.— Retiiuti«  pif^iiieiitnBA. 


pi^^nentary  dei^'i'iieraiion  of  the  rotiiia  tJuoi  an  intlannna- 
ioJi,  luijt  riKviiveil  tlie  nitnir  of  rdinitis  piymenfom.  The  imrne 
t  alti^eti»=»r  satisfactorj',  afi  the  disease  is  uot  a88<K.mited 
;h  ptpnentary  alfprations  until  it  htts  advantvd  to  a  crrUin 
taKe.aml  the  pi^^^niMitJitinn  uiay  indetnl  cK-aisionuUy  nt-v.-r  niuko 
B]>{>eamnce  at  all. 

Apart  from  the  oplitlmhuoscopic  clian^'eM,  whii-h  an^  nsiitdly 
erj'  trhflractemtic,  retinitis  pigiiieiitosa  is  aecouiiwinietl  by  smh 


i 
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distinctive  subjective  8yiiii)t()nis,  that  in  the  great  iimjnriKrf| 
cases  the  din^niisis  can  1k>  mtulo  without  uuy  objective  examiai' 
tidu.  These  symptoms  arc — night  blindness,  which  hiis  iwalb 
iK'guu  in  early  childhotnl,  concentric  limitation  of  the  titUot 
vision,  with  n^Litively  good  central  vision,  and  a  tendeucyto 
very  slow  detenoration. 

The  ophtlialmoscopic  changes  are — a  very  equable,  gityii 
pallor  of  the  ])apilla,  mon>  or  less  marked  narn>wiu)5  of  tlK 
vessels,  both  arteries  and  veins,  usually  a  conspicuous  defwtii 
the  jugment  of  the  hexagonal  cells,  which  allows  the  chopiiifal 
vessels,  with  their  pigmented  interspaces,  to  come  inw  view, 
and  a  peculiar  fine  pigmentation  in  the  retina.     This  pigmenu- 
tion  takes  tlie  form  of  intensely  black  bone-coriniscle-shai*! 
patclies,  usually  in  close  proximity  to  the  vessels,  and  lyiiigvell 
forward  in  tlie  i-etina. — (See  Fig.  59).     The  pigmentation  yctuR 
mainly  in  a  zone  which  lies  midway  l)etween  the  centre  ami  tlw 
l>eriphcry,  and  which  is  equally  broad  throughout    The  brea'ltli 
of  the  zone  varies  very  much,  being  as  a  rule  broader  the  mt-R 
advanced  ami  complete  tlie  sclerosis  is.     It  geueially  approacli« 
neaivr  the  pa])illa  «.in  the  inner  than  on  the  outer  side,  ami  in 
S(»!iie  cases  ]tatches  may  be  seen  quite  up  to  the  papilla.    Wheo 
very  inimerous,  the  thin  filamentous  pi^ocesses  of  the  pii.mi^"l 
spots  meet  or  (^ome  so  close  t<»gether  as  to  form  a  network.  Be 
pi»rment  comes  from  the  layer  of  hexagonal  cells,  but  is  jmilaH)' 
increase*!  iu  amount  by  proliferation. 

Tlie  manmu'  in  which  the  vision  is  affected  by  this  ilist'a:^ 
varies  somewhat  in  difleivnt  cases.  As  a  rule,  while  theivis^ 
pretty  marked  and  ^(Mnetimes  excessive  constriction  of  the  tirlt 
of  vision,  the  central  \'ision  remains  good  enough  for  w^ 
piirposes — for  reading  tine  juint,  &c. — yet  it  is  only  niifly  ilw 
then^  is  full  normal  vision.  Usually  the  smaller  the  tieM  i 
vision  retained,  tlie  woi-se  is  the  central  visi(Ui.  It  is  only  run 
paratively  rarely  tliat  very  small  fields  with  gootl  centnd  visi'i 
are  found,  and  in  sucli  tht^  restriction  may  be  obser\t*d  i 
shtwly  imrreasc  without  any  marked  difleivnce  in  the  centr 
vision.  Eventually  blindness  generally  supen'enes  after  tl 
ctMitial  vision  has  been  destroyed,  and  a  small  eccentric  ].Mirlii 
of  the  field  is  almie  left.  In  a  gottd  many  cases  in  which  tiu' 
is  marked  contrentrie  limitation,  a  porti<»n  of  the  t<?mpoi-al  \va 
4if  the  field  of  vision  towards  the  normal  peiipheiy  may 
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tfi  have  still  retained  some  vihiuu.  Occasionally,  Uio,  A 
It  th<*  extreme  i^enplierv  is  left  more  or  less  uimftW-ted.  so 

lere  is  a  hriwil  Uiiiil  of  the  liliiuhiess,  or  a  nii^-&hai>etl 
la.     A  fuvv  eases  have  Ijeen  (Ie8cril>et],  too,  in  which  there 

•n  a  central  scotoma  iintl  gotnl  periphcml  vision  insteu*! 

uplwtsite  fiiiiilition.     Two  eases  of  this  nature  have  cimu' 

my  own  olieervatiou,  and  iu  one  of  these  tlie  pigmeuta- 
V  almi»st  entirely  confined  to  the  region  of  the  niiieula, 


00. — From  «  cnee  of  retinitu  pigmentouk.  in  which  the 
pigment  is  limited  to  thv  rrfpou  of  the  mnouU. 


it   forme<l  h  network  in    \\o\X\   eyes  uxactly  similar   U» 

isnally  seen  in  the  mor^  iieriphenil  pails  of  the  retina. — 
'ig.  60).     But  these,  like  the  cases  in  which  the  pigmejit 
igether  aVitient,  helong  t<»  wliat  may  be  called  the  atypical 
is  <  if  the  iHsease. 

:U»gether  the  piginentatiiai  must  l»e  looked  upMi  as 
u  8nl>urdinate  signiHcance  iu  the  changes  which  chamc- 
this  disease.      It  only  makes  its  np|>eai'ance  after  the 
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disease  has  advanced  to  a  certain  stage,  and  may  possibly  souw 
times  remain  absent  throutrhout.     The  degree  of  blindness,  t* 
cannot  be  inferred  from  the  extent  of  pigmentation.     On  tbi 
other  hand,  the  pigment  is  only  met  with  in  places  where  thi 
sclerosis  of  the  retinal  connective  tissue,  which  is  the  essenti: 
factor,  has  taken  place.     Yet  there  may  be  a  sclerosis  in  par 
of  tlie  retina  where  no  abnormal  pigmentation  or  depigmenta- 
tion is  visible.     This  is  the  ease  mostly  in  the  central  portioi 
of  the  retina.     The  process  of  sclerosis  may  spread,  and  indeec 
nio.st  frequently  does  appear  to  spread  slowly  from  peripberj' 
centre,  bo  tliat  tlie  absence  of  pigmentation  at  the  centime  is  oftei 
merely  owing  to  the  less  extensive  alteration  of  the  connectiv 
tissue  there,     lu  uccordaiice  with  this  the  central  Wsioa  is  rela- 
tively greatly  l>etter  than  the  periphei-al.     But  the  presence  v\ 
very  constricted  vessels  and  of  great  amblyopia  may  be  found 
with  only  peripheral  pigmentation. 

The  pigmeut  ha-s  been  jiroved  to  come  only  from  that  contHini 
in  tho  rt'tinnl  pi^Muont  cella,  in  which  as  one  part  of  the  degonemtivo  ]n 
ceti«  a  depi(.;uientatioii  t*Tok  place.     But  there  is  no  oonstttut  peLition 
twe'm  this  depigmeutiition  and  the  amount  of  nlinomml  pignientnrj 
dejioi^itiiiii.     Tliis  is  very  evident  from  the  great  difference*  swn  will 
the  ophthahnnsropH  (cf.  ejj.,  Figs.  59  and  60).    The  depigmentation 
merely  an  atrophy  of  the  retimd  pigment,  the  abuonaal  deposition  ni 
attmt^tion  of  tlio  hyperplastic  connective  tissue  for  the  pigment  which,' 
probably  to  siome  extent,  proliferates  (though  this  is  not  certain)  ui  the 
new  situation.     The  two  processes  are  to  a  great  extent  indeiwadenti  ™ 
thou^'h  primarily  occasioned   by   the  same  caus4?  —  the  sclerosis,  byH 
which,  too,  the  nerve  elements,  but  not,  or  to  u  less  extent,  the  ner\'e 
fibre.s  are  destroyed.     It  is  nnt  known  Avhut  it  in  that  gives  rise  to 
the  difh-reiires  in  the  extent  to  which  both  pigmentation  and  depig- 
nieiitatiun  ixva  met  with  in  any  ^larticnlar  case.     Both  have  a  tcndcncj 
to  become  more  marked  a«  time  goes  on. 

The  rei^triction  of  the  field  ordinarily  met  with  causes  sotn*^ 
*HHii-ulty  in  orientation,  as  patients  with  tliis  defect  ai-e  in 
uiuch  the  same  ]>o&ition  as  any  one  looking  through  ttd»es  held 
h\  front  of  either  eye  wo»dd  l)e.  Thus  chihlrcn  frcipiently  fall 
over  things  at  their  feet  in  a  manner  winch  U*  their  parents 
apj>ear8,  front  their  good  vision  otherwise,  to  l>e  strange.  The 
colour  vision  is  goixi  in  retinitis  pigmentosa,  even  in  cases  where 
the  fields  are  very  greatly  restricted. 

The  liglit  sense  is  affected  Injth  with  respect  to  the  appreciii- 
tinii  -if  differences  of  intensity  4if  illumiuation  and  to  the  visiooij 
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ill  snMut^t  lijj;ht.     Tlie  defect  is  must  coiniuou  ami  always  most 

Ukitrkt^I  ill  tlio  latter  rt»8pt?ct.     It  is  tiiiK  wliich  causes  the  mtjht 

ifJiit/iwss,  which  18  a  vitv  early  ainl  very  constant,  though  hy  no 

xxieaiiA  in\arialtle.  syuiptom.     Uiflei-ent  degives  of  the  defect  are 

met  with.     Oiien  while  the  visiun  is  so  gixid  in  daylight  as  tu 

oa(L%-  no  Si^rt  of  discomfort,  the  ]»atient  is  unahle  to  guide  him- 

9«elf  in  the  diwk  when  the  light  is  not  so  far  reduced  to  make 

4inj  ven'  ajiprecjahle  diflereuee  to  the  normal  eye.     Tliis  defect 

i*  tiftfn  popularly  called  "twilight  bliutlness."     ThingH  iire  seen 

Ky  .irtilicijj  light  only  when  pretty  strongly  illuminated;  thus 

uliil^'  an   individuid  might  Ut  uhle  to  read  hy   the  light  of  u 

eau<lle.  the  siuToundiag  olijectd  in  the  room,  which  were  only 

f^vl'ly  iUuminati'd  hy  the  light  of  the  candle,  might  l)e  more  or 

less  invisilile  to  him. 

In  many  eases  the  ilefect  <»f  vision  produced  by  feeble  illu- 
miruition,  though  pnm«umced.  is  not  nearly  so  l«id  as  that 
just  deacribed.  whilst  in  some  it  is  hanlly  if  at  all  noticeable. 
Acciknliiig  Ui  Lel)er,  there  are  even  cases  where,  insteu*!  of  night 
ItbndneBS,  there  is  a  degree  of  hyj>er;esthesiAof  the  retina  accom- 
panying retinitis  pigmentosa  whicli  uuikes  the  visiun  in  huIhIuciI 
lijeht  either  more  comfortable  or  actually  l)etter  than  in  a  strong, 
full  light,  a  e^mdition  rather  of  ilay  lUimlness  than  r»f  night 
bliiidne^. 

The  defei-L  of  the  light  sense  is  very  pitiliably  due  to  cliangeii 
ill  the  he.\ag*tnal  pigment  cells  of  the  retina.  The  other  visual 
defwts  have  l»een  shown  to  lie  prtnluced  Ijy  alterations  in  the 
layer  of  nKis  and  cones,  the  more  |Mirlienlarly  percipient  ele- 
tuentfli  Ko  doubt  the  ner>e  fibres  an^  also  alfectetl,  but  the 
mifttence  of  ring-8ha]>e4l  defects  in  the  field  of  vision  ^Ktints 
to  the  destniction  of  the  rmis  und  cones  being  Uie  more 
imiM>rtAnt. 

A  fiiriu  of  stationary  i»r  ver}'  slowly  progressive  posterior 
[Krlar  cortical  cataract  is  a  pretty  freipient  aceom]Nininient  of 
iiiixmentosa.  In  the  t\'])ical  cases  there  appejtr  to  lie 
•  r  eomplicjitions;  only  wliere  much  the  sumo  n.'tinal 
changes  are  met  with,  following  intlammatiou  from  actpiired  or 
iulirfited  ayphilis,  may  there  be  more  or  less  manifest  altera- 
tions in  the  chv»roid,  or  iris  as  well.  In  such  cases.  t<xi.  the 
retinal  pigmentation  is  rarely  if  ever  so  equally  distributed  as 
iu  the  true  tliseaae. 
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Thrre  is  sonuilinics  a  dilWculty  iu  difttiiiyui^l  "'  > 

primary  relinnl  sclcnisits  with  iiiguK^utiiliuii,  mul 
R>tiriu  which  is  stxu>n(ljiry  to  choroiilitia.     Yut  it  j*. 
l»t'  ally  iloubt,  !»^  Or'  (.-hiuwi" litis  loaves  deeju^r-I^iuji  j. 
hi'  n*c«it;Mi^t'<l  a.s  arens  in  whifh  thu  choroidal  fissiK*^  have 
8troY*?d.     In  SOUK*  long-st«ndiug  cases  rtf  retinitis  th**iv  is  n 
to  hi'  set^a  iu  thu  arvas  uf  depi^iiientntioiu  what  to  all  u; 
a  sclerosis  of  tlie  chor^jidal  Vu&scds  tis  well.     Again,  I  \\,x\    . 
a  few  cases  in  which  tl»;r«  was  undoubttnlly  l>oth  a  true 
lUPntosA  and  a  cdmroiditis,  the  latter  boing  evidently  an 
later  comijliculion. 

Some  eases  of  retinitis  pigmentosa  ai-e  aty|ncal  wit* 
pietuiv    pnsenrt'd    by    the    piginenlatiou.      The    ]»ii; 
beinj;   more    or    loss    elusL'ly   placed    or    interlaceii. 
sh.if>ed,   and    followinj,'   the   coui'se   of   the   blood-v. 
laries,    are     in    the     form    of     irregidar,     ronndi^h,    hiiitUl    u.*--- 
ilistributed    up|v[irently    without    any   drtinite    arniri^'enifrtr   w  '> 
deeper  parts  of    the  retina.     The   only  ditference  in  th 
of  those  cnses  Het^ms  tn  he  that  the  sclerosis  and  imhil  n 
meut  is  m<ire  confined   to  the   connective  tissue   framework  "*   i' 
retina,  ami  less  marked  in  the  perivascular  conuoctivc  tissut  tbj 
is   mostly   cliaracteristic   of   the    prctcess.      In  otheT  re^Mcbv  9^  < 
esjxicially   in   the   absence   of  any   choroidal   cluu1^^^«l  lbw«  t»  ** 
reason  why  such  eases  should  be  mistaken  for  later  stages  of  cli/wvi'W 
inflammations. 

Ki'liuilis  pignieiiLoKii  is  aluiost  invariably  bilattftti].    W^^"^ 
only  once  seen  a  ttise  in  which  it  occurred  in  ijiie  eye  onlT,wliil< 
the  visiun  of  the  other  \V(is  iii  all  res|>eets  uonaaL     A  feu 
Imve  been  desenhiMl  by  iitlii.'i's.     The  spunous  or  syphilitu 
is  met  with  not  s^j  very  iufi-oijuenlly  iu  one  eye  alone,  alili*  - 
it,  too,  is  nniro  finpifnt  in  hotli. 

The  disease  lie;^ina  either  congenitully  or  in  wtrly  childht'*') 
uccasionally  not  till  some  years  after  jnjljerty.     Some  (swc»' 
t'oiiLienit^il  anmiirosis,  too,  appear  to  l»e  of   the  same  nat"! 
The  pigiiieuUitiou  is  probably  never  met  ^^th  at  birth, 
usually   makes   its  appeamiiee   during   the    first    few  ywin 
lib'.     The  tli.sease   is  eoiisideraldy   ujore  freipient   iu  the  ii 
tluin   in   tlie  female   sex.     Thus    Lel>er   found    the    ppiji-irti* 
about  live  tu  two  (of  155  cases  111  were  males,  44  fei 
It  is  unt[uestionrtldy  beivtlitary,  ami,  jnat  as  iu  all  otlier 
tions  where  tliis  in  tlie  case,  there  is  often  consanyuiuity  in 
parents  or  grauflpai*ents.     That  consangniiiity  aloue  is  nol 
factor  of  importnauce  is  evident  from  tlie  fact  that,  as  Maennii 
has  pointed  rait,  the  disease  is  frequent  amongst  the 
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Aitiung  vLom  LUU^rniarriage  is  pFoliibited  by  their  religion. 
OfU'ti  ftrvpml  intanhTH  of  the  sami*  faniilj  au'  JtlUM'ttMl,  niit'ly 
if  t?vi-r  »U.     CfHiiTHTiitnl  deaf^mutism  ninl  itlicK'v  art- iu>l  Hekloiu 


K«0.  <Il.~CVing«iiii-i;  I   .:'i     1  I. if  ion  of  the  rctiiui  (from  li  <ug« 
^*  *  of  Mr,  tSydudy  i}l«|ih«siaon'ii). 

met  with  in  the  subjecte  of  reliuitis  ijigiaentaHn.     Sonietirnes 

Tht'  cnuse  of  tho  disease  is  altogether  unknown.  The  fact 
timt  very  Himilar  up{H*urances  follow  Hyi)hilitic  inflHiumatiou  is 
certainly  suggestive  of  Byphilis  as  a  cause ;  yet  it  appears  pretty 
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certain  tliat  ikis  is  uot  the  caae.     Most  cascii  ]»rugress  uxc-eei 
iiigly  slowly,  ami  e\'eu  remain  for  longer  or  shorter  j>erif 
apparently  absolutely  stjitionary.     No  irmtment  can  be  said 
be  of  the  slightest  avail. 

A   very   rare  form  of  disease,   evidently  closely  allied 
retinitis  pigmentosa,  has  been  culled  by  Mooren  relinidjtpuruU 
tdU'scetis.     In  this  aflection  a  number  of  small  white  dots  ai 
scattered  over  the  retina,  and  there  is  night  blindness.    It  seei 
probaUe  that  this  may  be  an  early  intra-uterine  form  of  sclerosi^ 
of  the  i-eLinii,     Other  atypical  forms  of   retinitis  pigmento 
occur.    For  instance,  it  is  not  so  very  rare  to  find  no  pigmental 
changes  of  the  characteristic  form,  and  yet  the  appe-araucc  of  tl 
papilla,  as  well  as  the  subjective  snnptoms,  may  be  quite  sutfii 
eieat  to  justify  the  diugnosis  "retinitis  pigmentosa." 

Comjetiital  pi'jinefUation  of  the  retina, — A  peculiar  forui  of  retini 
pignientjitiou,  which  appears  to  Idc  congenital,  is  sometiiuea  met  witi 
I  have  uuly  seen  two  caseb,  but  as  it  doe«  not  give  riw  to  any  syn)i 
toms,  it  may  posaihly  be  Iijm  unconmion  tlian  mi^ht  Ijc  8upj>oeetl.  Fii 
CI,  which  is  fruui  a  ua»c  of  Mr.  Syduoy  Stephenson's,  i?how«  the  chui 
ucteristic  distribution  of  the  pigment,  viz.,  in  small  iiTegularly-ehup* 
;^roa|i8  fjccupying  soiiih  sector  of  the  rt^ina. 

Uetinltia  FroUj>rniij*. — This  name  Ima  been  given  by  Manz  to 
very  unusual  fonn  of  elironic  inflammatiiai  of  the  retina.     Fron»  the' 
few  (laaes  I  have  seen,  I  think  thrre  ran  he.  little  doubt  that  it  is  a 
well-defined  clinical  form  of  disuise. 

After  a  longer  or  shorter  period  of  dofoctivo  vision,  the  appunM 
cause  of  which  ia  lifBmorrhagic  opacity  I'f  the  vitreous,  there  may 
seen,  covering  mort?  ur  less  completely  the  papilla  and  extending  ovei 
the  surrounding  retina,  a  markedly  prominent  and  deeply  folded  or 
furrowed  bluitsh  ojnicity.  Tiii«  iibroua  or  Uienibrououa  looking  opacity 
follows  the  course  of  the  large  vessels,  which  it  to  a  great  extent  hides, 
but  in  the  fun'ows  may  ho  seen  vessels  apparently  newly  formeil. 
In  the  region  about  the  main  mass  of  connective  tissue  which  this 
(t-utial  opacity  lepresente,  may  generally  be  seen  whitish  tluvadhk^H 
itpat-ilies  RtreUrhing  further  towarda  the  jKU-iphery  of  the  retinaJH 
These  are  no  doubt  vessels  surrounde*.!  by  a  dense  opacity  caasetl  by 
I>eriva3culiti.s.  lla'mon'hages  into  the  vilrc<nis  seem  always  to  accian- 
paiiy  thi.'i  atl'ection,  and  these,  along  \^*ith  the  eal:u".ict,  which  majr^ 
subsequently  make  its  appearance,  make  the  image  which  it  is 
»ible  III  obtain  with  the  ophthalmoscoj»eT  as  a  rule  not  very  distincl 
Possibly  this  lia-uinriliage  is  in  home  way  coimcctud  with  the  furma-j 
tion  of  the  hhivus  tissue  bamls.  Cast>s  of  r»?curreut  ha-murrhogi 
into  the  vitreous  are  certaiidy  afterwards  found  to  present  much  tin 
same  appcnrancis.  As  yet  only  one  case,  so  far  as  I  am  aware,' 
lui8  Iwcn  examined  microswipically,  and  ia  I'ldly  descrilxMl  by  Man£. 
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**'OiQ.  his  description  of  this  case,  there  can  be  little  dotibt  that  the 
^gflpeifcrances  were  caused  by  a  chronic  form  of  inflamnmtion  of  the 
^''*»^*tia,  leading  to  an  excessive  hyperplasia  of  the  inner  surface  of  the 
''^^^I'brane  in  the  region  of  the  main  vessels. 

g  I  have  only  seen  the  disease  in  one  eye,  but  it  occurs  apj>arontly  at 

~^*t  as  frequently  in  botii.  The  cause  is  unknown.  In  some  case* 
T**-^*e  have  been  cardiac  symptoms,  which  may  possibly  have  liad  S(mie 
*^jfluence.  I  have  seen  tliis,  and  also  evidences  of  anterior  sclero- 
^^or^ulitis.  A  case  is  described  by  Mackenzie  in  the  old  Ophihaluih 
^®^*«f,  which  was  probably  one  of  retinitis  proliferaus,  and  in  which 
^*^*>e  seemed  to  be  a  connection  between  the  condition  and  oxaluria. 

According  to  Manz,  improvement  may  take  place  and  1)c  aocom- 
•'^'lied  by  partiid  disappearance  of  tlie  ophthalmoscopic  changes,  lie 
^^'^^mniends  treatment  by  mercurial  inunction  and  leeching.  Most 
***ea  are  probably,  however,  little  benefited  by  any  treatment. 

Embolism  of  the  Centkal  Arteuy  of  the  Retina. — Not 

*Oxig  after  the  important  discovery  of  the  embolic  plugging  of 

*5t-eries  by  Virchow,  a  case  of  embolism  of  the  central  artery  of 

*«e  retina  was  diagnosed  by  von  Graefe,  and  the  diagnosis  then 

"^de  confirmed  on  post-mort^Bm  examination  by  Schweigger  five 

years  afterwards.    Since  that  time  the  demonstration  that  the 

symptoms  and  ophthalmoscopic  appearances  usually  referred  to 

this  lesion  are  really  due  to  plugging,  has  been  several  times 

repeated,  amongst  others  by  Ncttleship  and  Priestley  Smith. 

It  is  only  rarely  that  the  circulation  is  comi>letely  stopped 
in  the  retinal  vessels ;  when  this  is  the  case,  no  pulsation  can  l)e 
obtained  in  the  artery  by  pressure  on  the  eye.  The  diminished 
supply  of  blood  Mowing  into  the  eye  causes  the  arteries  to  appear 
smaller,  while  at  the  same  time  the  streak  of  reflected  light 
along  them  becomes  less  apparent,  or  is  altogether  absent.  Tlie 
veins,  too,  may  l)e  smaller  than  normal,  though  this  is  usually 
the  case  only  with  those  portions  which  are  on  and  near  the 
disc.  They  are  often  rather  distended  furtlier  towards  the 
periphery  and  taper  towards  the  disc.  The  ischuiuia  is  ren- 
dered further  apparent,  top,  by  the  invisibility  of  the  sn)aller 
vessels.  What  looks  like,  and  is  often  described  as,  spontaneous 
pulsation,  may  be  seen  in  the  arteries,  due  to  the  partial  inter- 
ruption of  the  blood  flowing  into  them,  producing  a  more  or 
less  marked  difference  in  the  degree  of  their  distension  with 
every  systola  The  intermittent  passages  of  broken  c(dumn8  of 
blood  may  sometimes  be  observed  in  the  veins  when  the  cir- 
culation is  not  altogether,  but  all  but,  stopped. 
14 
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Resiiies   the  van'ing  ujifiearaucea  met  willi   in  ibe 
indicative   of   circulatory   impediments,   aii   embolism  "if 
central  artery  produces  other  and  more  characteristic 
in  the  retina,  which,  however,  Inst  only  a  short  time  after 
accident.     The  central  portion  presents  a  wliitish  opaqwj 
I)enninee,  not  unlike  the  bloom  on  fruit.     This  appeal 
ilue  to  ft'denia.     It  is  moat  intense  round  the  mnciUa  and 
nerve,  and  often  indeed  hardly  appreciable  elsewhere: 
rule,  too,  in  the  area  occupied  by  the  oedema  it  does  not  \ 
an   eiiual   density  or   opacity   throughout,  but   the  whit 
temls  to  fade  off  at  about  efiuul   distances  from  the 
and  macula.     Thus,  midway  1>etweeu  the  macula  and  iIm  ild^ 
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Fio.  62. — £m1x>liflm  of  central  artery. 


it  in  seldom  if  ever  so  dense  aa  in  the  vicinity  of  eith( 
cedema  has,  too,  a  more  streaky  appearance  round  the 
the  centre  ni  the  iiirtcula,  and  oorresjtonding  in  position 
fovea  cenlrnlis.  there  is  no  opacity.  Owing  to  this,  the  a] 
auce  presented  by  this  portion  of  the  retina  is  very  remarkabi 
and  gencmlly  descriljod  as  a  vha-ry  rr<1  upof.  So  stixtng  is  d 
contrast  between  the  colour  of  the  fovea  and  the  snrroi 
retina,  that  this  appearance  cannot  fail  to  at  once  atbraol 
tion.  The  cherry  red  s]>ot  in  the  middle  of  the  cedemai 
opaque  retina,  when  taken  along  with  the  liistory 
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poiit4ineou8  losij  of  sight,  is  perfectly  characteristic  of  an 
^Tuption   iu   the   circulation.      A   similar   change,   though 
jdy  if  ever  so  definitely  rnurked.  may  follow  severe  Vilows 
thv  eye. 

Whether  the  interruption  in  the  circulation  in  any  given 

atse  U  due  to  t^mholisni  of  the  artery,  or  to  thromlKisis  in  the 

rein.  t»r   h;i'morrhage   into   the   sheath  of    the  nerve,  causing 

compression   of   the  nerve  and  vessels,  is  not  always  easy  to 

ddrrmine.     The  subjective  symptoms  are  the  same  in  fdl  eauaea 

ck  inlemiption.     The  first  cause  is  probably  considerably  the 

moat  comoion.     Tliere  arc  aptmrently  two  forms  of  thrombosis, 

•be  phlcbitic  and  marastic.     Angehicci,  who  had  an  opportunity 

4  '  \\\  four  diirci-eut  cases  the  diagnosis  uf  thrombosis 

mu;.    :..;  .ujk'  life.  >:ives  the  following  points  as  of  importance  in 

he  differentiiil  diagnosis.      EmUAuim  of  tfie  caUnd  artery: — 

^omud  course  of  vessels,  arteries   narrowed,  veins   gradually 

tcnssing  in  calibre  towards  periphery,  no   venous  pulsation, 

udenoe  or  Hcantiness  of  retinal  hjcmorrliiiges.      Thrombosis  of 

rUrai  ttin : — Tortuosity  of  vessels,  nrteriey  of  normal  calil>re 

r  nesu'ly  so,  veins  g»»rged  witli  blocul  and  here  and  there  inter- 

l»tcd,  venous  puls^ition.  retinal  luemorrhages.    Certainly  some 

(if  eiulioliHrn  are  accomj«inied  by  ha-morrhages.  but  tliey 

t  aever  very  numerous,  and  we  sliould  exj:»ecl  iii  thrombosis 

ind  this  feature  more  pronounced. 

T\\c  *^lema  uf  the  retina  dix's  unt  couje  on  immediately  on 
(mml'l'Iiiu' of  the  vessels,  and  takes  several  hours,  or  even  a 
to  reach  its  height.     It  then  slowly  passes  off.  leav- 
'    r  H  week  ur  two.     The  diagnosis  may  not  then 
-^  the  appearances  in   tlie  vessels  are  niarkeil. 
It  will  depend  more  on  the  history  and  the  nature  of  the  visual 

Exnlxdism  of  the  central  artery  causes  sudden,  and  in  most 
vnarft  nil  but  ctimjdete,  and  |>ennanent  blindness.  80  sudden  is 
tiie  loflM  of  vision,  that  pitients  are  only  consciouH  of  having  all 
at  once  lieconxe  blind  iu  one  eye.  If  it  occiu-s  during  tht>  night. 
thcj  find  on  waking  that  they  have  lost  the  sight  of  one  eye ; 
if  during  the  day,  they  may  be  conscious  of  a  rapid  veiling  of 
ibe  sight,  which  has  become  quickly  denser  and  denser,  until 
after  the  lapse  of  not  more  than  a  minute,  all  sight  has  gone. 
OooMouttlly  the  eveutual  blindness  is  preceded  by  a  kind  of 
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aura — an  obscuration — followed  by  complete  recovery.  This 
limy  even  take  place  Hcveml  times  at  Imigcr  or  shorter  inten-als 
l^efore  the  bloinl  supply  is  definitt4y  ami  fiiuilly  cut  oft"  In  a  few 
cases  some  amount  of  vIhiou  is  recjained,  but  it  rarely  if  ever 
happens  that  the  patient  recovei-s  anything  like  useful  sight. 

The  .sudileuiiess  of  the  blindness  produced  by  the  cutting  off 
of  the  bIo(Hl  s>ip])ly  to  the  retina  iH  a  remarkable  illustration 
of  the  close  deitendonce  of  its  functional  activity  on  its  blood  ^^ 
supply.  The  altHcnce  of  jinastomosis  with  other  trunks,  tor».  is^^H 
the  cfin.se  of  the  blindness  nnnaining  peniuinenl,  so  that  only 
where  the  jduggin^  is  iucumplele  from  the  fii-st  can  any  sub- 
sequent imju'ovement  be  looked  for.  Xo  visible  nei'rosis  of  the 
retinn  takes  place.  Thi^  is  a  somewhat  remarkable  fact,  but  is 
probably  accinuited  for  by  the  blood  supply  to  a  gi'cat  part  of 
the  retina  l>eing  drawn  from  the  choroidal  vessels. 

In  a  iiuiiibtT  of  cases  a  small  portion  of  the  temporal  side  of 
the  tield  of  vision  retains  some  vision.  Usually  this*  is  only  ^y 
slight,  merely  amounting  to  appreciation  of  the  movements  of  ^| 
the  hand  in  this  position.  This  circumstance  is  of  some  im-  ^^ 
portance  in  the  diagnosis  in  a  diflicult  case  when  all  distinctive 
objective  signs  have  disappeared.  When  taken  along  witli  the 
liistoiy  of  sudtlen  onset,  and  the  presence  of  some  caixliac 
lesion,  it  would  render  the  diagnosis  of  emlx)lism  not  unlikely. 

Occasionally  t!ie  embolism,  instead  of  settling  iu  the  main 
tmnk.  may  jiliig  one  of  the  brauehes  of  the  central  nrtery.  Tltere 
is  then  pn«duced  a  defect  in  Ihe  Held  of  vision  coiTespondiug  to 
the  portion  of  retina  supplied  by  the  plugged  v&sseL  This  is  a 
much  rarer  accident  tluin  embolism  of  the  trunk.  I  have  seen 
one  case,  and  hail  an  opportunity  of  observing  the  appt»aranct$ 
produced  a  few  liours  after  the  infarction  took  place.  The 
position  of  the  embolism  could  be  distinctly  seen  by  the  sudden 
narrowing  of  the  artery  on  tlie  other  side  of  it.  The  surround- 
ing retina  over  an  area  e<jual  in  size  to  the  disc  was  cedeumtous, 
and  ju-esented  the  sauieap|tearanee  as  theniacidar  region  in  the 
blocking  of  the  central  trunk.  A  well-marked  scotoma  existeil 
in  tlie  tield,  corresponding  closely  lo  tliis  leilennitous  area.  This 
disappeared  in  the  course  of  a  few  days,  and  there  was  no 
ujipreeiable  permanent  interference  with  vision. 

Possibly  some  such  cases  nrejjot  really  cases  of  embolism,  but 
of  localised  spasmodic  contraction  <tf  relirial  arteries.    Tlie  exist- 
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flcotouia  oirrcspomliug  t<J  llie  anlemattais  area  is  a 

tt  fiwt  which  hufi  not  yet  received  sufliciciit  alteiitioii. 

In  Ukost  caseft  there  is  some  afl'ection  of  the  heart,  hut  it  \s, 

»t  Always  jKisailih*  to  Jiucrnose  this  with  certainty.     Both  eyes 

acviT  hliiulnl  hy  emUiIisui  at  tl»e  8*uue  time,  aud  cases  in 

the  accident  happens  first  in  one  and  then  in  the  other 

of  extreme  rarity. 

;^Vlii]e  the  prtM/tuntiA  is  therefore  absohUely  \>ad  as  regards 
Fected  eye,  the  other  may  be  looked  upon  as  perfectly  safe, 
is  wu»n.*  dan^ir  of  emlx)lisiu  occurrinj;:  elsewhere,  and 
iiBg  to  otiicr  ^taralysis. 

Very  little  can  V»e  done  in  the  way  of  tratiinnU  for  emboliam 

the    retinal  arteries.      Kneading  or  massage  of  the  eye  is 

tumended,  ami  Ls  said  to  have  dislodged  the  clot  and  led  to 

'emeut  in  a  few  ca.se&    Tliere  can  certainly  be  no  harm 

'his,     I  have  done  so  several  times, but  without  success. 

;y  and  ])ai'acentc3is  of  the  aqueous  chamlxir  are  also 

»tiuu«mkHl  by  aotne,  with  the  object  of  rapidly  reducing  the 

itrii       '         MjiioiL 

i.sr  OK  THE  KKTrxA.— Cases  in  which,  cither  as  the 

of  accident  or  of  disease,  the  retina  becomes  detached  from 

<|  *    ire  of  pretty  fre(|Ueut  occurrence.     Tlie  scpiration 

Uke»  ,  '  tween  the  Iiexagonal  pigment  layer  and  the  layer 

»rf  rod*  nad  cones,  the  former  remaining  attached  to  tlie  choroid. 

I'  td  fif  thi»  retina,  though  its  existence  was  known 

U*  *i    .  lu    ihv    pre-ophtlialmoscopic    times,   was  i*arely 

diii|;sHised. — ouiy»  indt^ed,  when  the  detached  portion  lay  so  far 

■  fhat  it  could  iHi  seen  througli  a  dear  crysljdliue  lens. 

-  .im;  Was  considered  uncommon,  and  Wiis  descrilfcd  by 

different  authors,  aniongMt  others  by  Wardrop,  who  figured  a 

dropsy  of  the  choroid  coat."      Very  soon   after  the 

■>•  of  ihc  ojdithalmoscope  cases  were  diagnosed  by  the 

tad  of  that  instrument,  and  it  was  not  long  before  vou  Oracfe 

^xv  -mplete  clinical  description  of  the  discjwe. 

I*  lit  of  the  retina  may  l>e  primary,  that  is  to  say, 

uii  ti-i?<itu|ianicd  by  any  ap[tarent  inHflinniation,  or  secondary  to 
tiM"  Ti'mi*  such  aa  cycliti/?.  which  gmdually  lead  to  shrinking  of 
iU''  'Xk'.  Tumours  springing  from  the  choroitl,  too,  give  rise  to 
i- :  Lt  liment.  In  some  rare  cases  tJie  detachment  occurs  where 
ihi-re  i>i  inOauimatiun  of   the   retina  itself,  as  in  albuminuric 
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retinitis.  Sticli  cases  are  ulways  deecribed  at  all  etMti^^ 
caBea  of  detjichineiit.  but  it  is  liy  uo  means  certain  that  vV^ 
retinii  is  JK'tujiUy  dotachwl.  T*n(l«tbly  in  most,  if  iiol  ail  ^^^M 
appearance  is  due  to  excessive  infiltration  of  the  retina  itieKl^B 
that  its  inner  surface  comes  to  occupy  a  position  which  caoi^B 
it  to  Jippear  detached.  In  traumatic  cases  the  Beparati"ii  iii**^ 
take  place  at  once»  or  not  until  some  time  has  elapsetl  '  1 
pathic  dotacliinent  of  the  retina  amies  on  either  suddeuly  «  m 
gradually  :  the  lirst  is  more  common.  1 

The  (objective  appeiirances  met  with  are  usually  siUli'  ] 

characteristic  to  render    the  diagnosis   with    the  aid  u:  '^  | 
ophthalmoscope  easy.     Occasionally,  owing  to  transy>arency  i  I 
the  detached  portion,  or  to  this  circumstance  combined  wiOi  I 
slmllnwrieas  and  small  extent  of  the  detachment,  the  niitnw»f  ' 
the  disease  can  only  be  made  out  with  certainty,  if  at  all.  liy 
very  careful  examination.     Often,  too,  a  ditticulty  in  the  nphl'twl- 
nioscopic  diagnosis  may  arise  from  the  presence  of  opacitii^ «' 
the  lens  or  vitreous.     The  diagnosis  is  ma<le  by  tibservin^  tli(»i 
some  portion  of  the  fiiiuUm  is  seen  to  disappear  suddenly  wiJ 
of  focus,  and  often  at  the  same  time  to  be  altered  in  cnW 
sometimes  to  a  bhiish.  at  others  to  a  greenish  grey,  acwinimg 
to  tlie  manner  in  which  the  light  is  reflected  from  its  surfafr. 
AVTii'ii  the  vessels  on  the  surface  of  this  detached  jM>rtion  arc 
focujssL'd   for,  they   apjM-ai'  darker   by  direct  examinatiou,  ao'' 
often  smaller  than  normal.     The  detached  retina,  too,  may  as  j 
rule  be  seen   to  nliake  or  even  Hway  alniut  with   the  slighest 
tunvement  of  the  eye.     When  the  retina  remains  clear,  owiji^ 
to  the  absence  of  any  turbidity  k\\  the  tliud  behind  it.  a*  » 
often    ttie    cnwe    in    the    lieginning.    and    Bonietimes,  e8i>eci»llT 
in  young  individuals,  for  long  after  it  is  deUiched,  no  indicA- 
tiou  may  be  aflhrdfd   by  alteration  of  colour.     The  diagtioci* 
will  then  depend  uprm  <tne's  finding  an   area  which,  in  onler 
to  be  ditiLiuctly  seen,  retpiires  an  alteration  in  the  focus.    Oil 
examination  by  the  direct  method,  the  interposition  of  a  weaker 
concave  vw  a  stronger  convex  glass  will  lie   necessary;  while 
by  the  indirect   niethud   tin-  observer  will   have   to  witlhlraw 
his  head  and  the  iuteiiM)sed  convex  lens  more,  or  leas.     At 
the  same  time  the  vessels  ovei*  this  more  hypermetropic  are* 
are  lilacker  tlian  in  the  immediate  neighbourhmid  where  the 
retina  is  in  position.     A  parallactic  movement  of  the  vesieb 
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red  fundus  can  often  be  made  out  too.  more  efipedally 
roida]  vessel  can  be  seen  behind  tlie  detachment.  It 
that  the  detachment  is  so  shallow  all  over  that  the 
cannot  possibly  be  made  with  certainty  by  pacing 
to  these  points.  On  the  other  hand,  the  retina  is 
es  pufilied  so  far  forward  that  it  can  l>e  seen  through 
iu  of  tlie  eye  without  the  ophthalmoscope, 
dark  appearance  which  the  vessels  ou  the  detached 
of  the  retina  so  often  pre.sent  is  due  to  their  being 
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has  a  very  characteristic  appearance,  allowing  ilie  choroid  to 
he  seen  with  perfect  distinctness  ihrougli  the  opening.  The 
luurgina  of  the  rent  may  sometimes  Ije  seen  turned  in  towanb 
llie  vitreous.  The  occurrence  and  appeurance  of  thes*-!  rents, 
which  were  first  ol)served  by  von  (.iracfe,  have  recently  been 
shown  to  have  important  beann^a  on  the  pathology  of  detach- 
ment of  the  retina. 

In  some  cases,  especially  where  the  det-achment  has  been 
htemorrhacric,  there  may  be  seen  irrejfuhirly  disposed  straw- 
colourtHl  striip  or  star-shaped  opacities  in  tlie  n^tina.  These 
might  be  taken  for  scars,  did  they  not  frequently  apjxjar 
to  interlace  and  lie  behind  perfectly  intact  vessels.  They  are 
in  ill]  probability  fibrinous  deposits  at  the  back  of  the  mem- 
liraue. 

Von  Graefe  supposed  at  first  that  altliough  a  sudden  serous 
exudation  might  pos^sibly  take  place,  the  tluid  producinj^' detach- 
ment was  as  a  nile  blood.  This  view  was  shown  to  be  erroneous, 
when  opportunities  occurred  for  anatomical  examination.  It 
w(ts  tlieu  discovered  that  most  frequently  the  suyu-etinal  Huid 
is  serous,  of  a  clear  straw  colour,  and  exceedingly  rich  in  albti- 
men.  It  sometimes  becomes  turbid,  and  luay  contain  choleslcrin. 
ThuK  Nettleshijt  has  described  a  case  where  crystuls  of  this 
substance  were  found  iii  the  anterior  chamlicr,  havin>r  passed 
tlirough  an  aperture  communicating  with  the  subretinal  space 

Atrupliic  charit^'csare  found  to  take  place  in  the  ivtina  which 
is  detached.  It  may  at  the  time  of  examination  liuvi*  Kwt  all 
its  nerve  elements  and  be  converted  into  «  mere  couuective 
tissue  membrane.  Very  often,  on  examining  an  eye  in  which 
there  has  been  an  old  detachment  whicli  has  become  tot^d,  the 
retina  is  found  to  be  separated  in  the  shape  of  a  funnel  or 
convolvulus  with  its  apex  at  the  optic  nerve  and  its  Imse  at  the 
lens  and  ciliary  processes. 

In  almost  all  cases  where  the  detachment  has  existed  for 
some  time,  and  is  not  produced  by  tumour,  the  intraocular 
tension  is  found  to  l>e  dimiui.shed.  This  may  or  may  not  be  the 
CABe  at  the  time  tlie  retina  liecomes  detached.  In  a  few  eases, 
even  althougli  tliere  is  no  tumour  present,  the  tension  of  the 
eye  is  iucrea.sed  insteud  of  diminished.  This  may  Ik?  due  to 
complication  with  iritis  and  total  synechia,  or  there  ujay  he  no 
visible  inrtummatory  changes  in  the  anterior  part  of  the  eye, 
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bol  «  tme  glnuc'oma.  I  Iiave  sevoral  times  flt-en  ^luucoiimtouH 
Lcavation  of  the  jwpillii  co-exist  with  ilelachiuent  uf  the  retina, 
hi*  niiiy  pikssilily  Ik?  merely  a  coincidence  of  the  two  alVeetioiis, 
tlwcjen  which  there  may  he  no  rektion. 
Tine  Mtbjfxtirr  sf/mptoTna  vary  acc<tr(liijg  to  the  portion  of 
relina  detaclied.  the  state  of  vision  in  the  other  eye,  ami  the 
ity  with  which  tlie  detachment  is  developed.  Tiiey  are — 
;ivc  centnd  iind  ]>erii)heral  vision,  met^imorphopsia,  and 
fht  blindness.  Often  for  a  longer  or  shorter  period,  before  any 
!iuiil  %1ispIaceuuMit  has  taken  place,  the  ]Hitient  complains  of 
tuQscA*  or  black  .s]>ots  of  diti'erent  shapes  and  siites  ttoatiug  in  front 
irf  bis  eyes,  and  of  subjective  li|^ht  sensiitions,  dashes,  and  rays 
_'il.  colonretl  as  well  as  nncoloured.  When  the  *lelachment 
-  -  occur  he  is  ofleu  conscious  of  a  cloud  coming  in  front 
of  liU  6eid  of  vision.  This  is  more  likely  to  be  o1>3erved  in 
cases  which  come  on  suddenly  and  in  which  the  vi.si(»n  of  the 
■ithereye  in  lost.  It  is  alnuist  always  noticed  where  the  detach- 
ueut  is  eiiuscd  by  tumour,  as  in  such  cases  the  central  vision  is, 
M  a  rule,  relalively  much  l)etter  than  in  those  in  which  the 
dlMfts^^  is  idioiHiLhic.  At  tlie  same  time  the  outlines  of  objects 
dppear  distorted.  The  apparent  irregularity,  too,  which  they 
!»«•<'!  '  '   U>  Ik*  incon.stant,  and  to  cliiin;^'e  much  like  the 

inuu!<  '    u'd  from  the  wavy  surface  of  disturbed  water.    The 

rled  objects  often  appear  to  be  Ixjnlered  by  colour. 
Iherv  is  usually  nmre  or  less  night  blindness  pi-oduced, 
light  sense  being  greatly  reduced,  both  with  respt^l  to 
luiniumm  auiouut  of  light  visible,  and  the  pen'eption  of 
-  in  ilhimiuation.  A  remarkHble  tendency  to  confuse 
'lue  and  gruen  is  often  met  with.  This  may  pt»s.sibly 
tw  dm\  M8  Lel»er  suggests,  to  the  absoq)tiou  of  the  blue  rays 
]••  ='  •  UtiwLsh  subretinal  fluid:  nr  it  maybe  caused  by  ab- 
V    _  -y  Hiiid  lying  in  front  of  the  retintt 

in  coses  of  detached  retina,  where  tlie  condition  has  lasted 

Aoine  time,  there  is  usually  a  marked  contrmtion  in  the  field 

million  corresponding  t"  llie  jMirli*»n  of  ivlina  detached.     As 

w    reevnlly   detached    retina    retains   its    function    to    some 

;ient,  the  restriction  of  the  field  in   fresh  ciises  may  often 

i|(e  obwnation  unless  the  examiuatioii  \tct  niadc  in  stdnlued 

hi.     The  boundaj'ies  (or  i>eripher<il  colour  vision  ai-e  nan*ower 

the  line  sefumting  the   undetachod  from   the  deUuhed 
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portion  of  the  retina,  that  is  to  Siiy,  the  field  of  vision  is  more 
restricted  fnr  colours  thau  for  white  light.  The  defect  in  the 
field  of  vision  has  most  frequently  a  more  or  less  indefinite,  ill- 
delined,  and  irregular  Uinuidary.  If  the  field  he  nt  first  restricted 
below,  wlacli  is  frequently  tlie  case,  an  extension  upwards  of 
the  restriction  is  not  unlikely  to  follow,  corresponding  to  the 
tendency  to  gra\'itation  of  the  suhretinal  tiuid.  In  this  exten- 
sion, eitlier  ur  both  sides  of  the  field  in  the  nei^hlKjurhood  of 
the  point  of  fixation  may  l>e  involved,  even  the  fixation  point 
itself, 

In  almost  all  cases  of  simple  detachment  of  the  retina  tlie 
central  visual  acuity  is  more  or  less  diminished.  This  is  due  uo 
douht  to  an  ccdematous  condition  at  the  macula.  When  the 
detachment  is  caused  by  tumour  the  defect  in  the  field  is 
usually  much  more  strongly  defined,  whilst  the  central  vision 
may  remain  unaffected.  Tliis  point  may  l«  of  some  diagnostic 
imporLaiice  in  a  di.«ulitfid  cawe. 

"When  detachment  of  the  retina  occurs  idiopathically,  it  is 
f reijueutly  found  in  1  loth  eyes.  Only  oceaaioually,  however, 
does  the  detachment  occur  simultaneously,  or  nearly  so,  in  the 
two  eyes.  Generally  a  considerable  time,  often  many  years^ 
elapses  liefore  tho  second  is  affected.  It  would  l>e  of  considerable 
practical  importance  if  one  were  able  t<j  lell  in  what  cases  the 
retina  of  the  second  eye  was  likely  to  become  detached,  and 
what  appearances  and  symptoms,  positive  or  negative,  would 
indicate  a  safe  i»rogiiosis  in  this  i*espect.  Probably  when  the 
diagnosis  of  detachment  of  the  viti'eous — which  there  seems 
every  rejison  to  believe  always  precedes  the  retinal  separation — 
becomes  more  easy,  an  advance  may  be  made  in  this  direction. 
The  condition  of  tlie  liglit  sense  may  jH>ssihly  aiford  information, 
too,  on  this  \mnt>.  The  occurrence  of  subjective  light  and  colour 
sensations,  and  a  notable  increase  in  the  numl>erof  musi^'ie,  is 
always  a  suspicious  circumstance. 

Detachment  of  the  retina  is  more  fre<|uent  in  old  than  in 
young  individuals,  the  numl.>er  of  cases  increasing  with  each 
decade  up  to  sixty  at  all  events,  as  has  been  shown  by  statistics 
coUectetl  by  A.  ragenstecher.  Poncet,  and  others.  It  is  for  some 
reason  or  other  more  frequently  met  with  in  men  thau  in  women. 
It  occurs  in  eyes  presenting  all  the  ditterent  states  of  refraction. 
Taking  the  average  of  a  number  of  German  statistics  on  this 
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piiiit,  T  find  that  in  rather  more  than  sixty  per  cent,  there  is 

lA,  r*r  in  ubitut  three  out  of  every  five  cases.     Homer's 

tistics  ehuwe*!  fifty-seven  ]>ev  cent.,   and   ia   this  country, 

whens  myopia  is  not  so  common  as  in  Germany,  the  preponder- 

of  myopic  cases,  if  it  (exists  at  all,  ia  certainly  not  so 

.    . -li.     Witli  refei-eiice  to  the  frequency  of  the  disease  in 

tuyopia.  statistics  hy  Hortsmanu  and  Schleich  show  it  to  occur 

•'-  Mr  once  '\\\  ever}*  tliirty  cases  in  Berhn.     This  is  certaiidy 

r  high,  as  cjises  of  simple  myopia  are  often  not  seen  by 

ulist   at  all,   and   besides,   it   wo\d<l    indicutt^  a   greater 

....j.i.in-cy  of  the  disease  than  is  actually  found  in  most  places. 

The  retina  may  l»e  detached  at  any  part,  but  in  a  large  pro- 
portion of  eases  some  part  of  the  upper  half  is  detached.  Thus. 
"(  u<i«  liundred  and  tvrenty-six  eases  occuning  at  Gottingen,  only 
thirty-nine  were  found  not  to  involve  some  portion  of  the  upper 
hiilf  of  the  retimiv  In  the  coui-ae  of  time  the  lower  portions  as 
^^pitJl  are  apt  to  become  detached  by  the  gravit4iting  of  the  sub- 
^H(inal  fluid. 

^^^  Oises  which  have  existed  for  some  time  are  very  often  com- 
^^^catet^l  with  cataract,  and  the  opaque  lens  not  infre<iuently 
underj^noes  subsequent  calcareous  degeneration.  Opacities  in  the 
vitreooe  Are  st^tmetimes  met  with  too,  and  this  is  almost  always 
the  cuse  where  the  detiichment  lias  been  caused  by  ha-morrlnige, 
either  spontaneous  or  following  injury  to  the  eye.  In  these  cases 
the  ojwcilies  are  often  membranous. 

The  progmmn  in  detachment  of  the  retina  is  always  bad. 

ist  atat^  go  on  to  complete  blindness,  but  as  a  rule,  in  idio- 

ic  cases,  the  eye  retains  its  shape  and  does  not  give  trouble. 

ietiuies  intlammator}'  changes  make  their  appeorance  and  end 

slirinking  of  the  eye;  at  other  times  the  subjective  sensations 

e  rise  to  much  <iisconifort.    In  a  very  few  cases  imprnvement 

cs  place  owing  to  the  retina  becoming  reapplied,  lail  even 

lifter  this  is  ]>ermanent  the  vision  is  not  fully  restored.     All 

that  onecouM  jwissibly  expect,  indeed,  would  Ix"  for  the  detached 

{lortion  to  odliere  authciently  firndy  to  prevent  the  hitherto  un- 

lielached  part  becoming  separated,  and  allow  of  the  improvement 

■e  in  it  which  might  l)e  possible  from  the  disappear- 

iiiy  isdeiua.     A  certain  amount  of  inHammation  would 

almost  l»e  necessary  to  effect  this.     Occasionally  there  seems  to 

btt  a  marked  tendency  to  repented  recurrence  of  a  clear  deUich- 
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ment.     The  patlK«logy  of  such  cases  may  possihlj  he  differenl 
from  th**  usual  form. 

The  iMilhthnjif  of  detachment  of  the  retnia  is  not  yet  quite  mwU 
stooil,  all!iouyh  tlie  rescarchcH  uf  I/iher  aud  NoiiJunsoti  have  recently 
^oin^  far  to  oli?ar  \\\\  the  matter.     Much  mote  w,  however,  r«Niuii 
before  the  explaimtion  j^iven  by  theia  can  be  ivgaitled  ae  ajjplicnble 
ftJI  cases.     The  difiirulty  huB  always  heon  to  exjilniii  liow  u  sudd^ 
eHufliOQ  of  fluid  crndd  Udce  jtlace  \ye\o\y  tho  letijm  ^v^thout  giviiig 
to  increjised   teti«ioii,  nr  why  indeed,  as  the  inti-aocular  pressure,  mi 
tend  to  kiH'j)  the   retina  ]iressed  agftinst  the  choroid,  there  shouhl 
any  poi^sibility  Df  \\&  Ix  rtniiing  si-parat^^l,  unless  some  sudden  lt»a  oj 
ti'usiim  \i\  ])orfuratitiii  of  iJie  gl<>l>e  took  jdace.    Two  niain  views  hav< 
Ijeeu   held   fi»r  ii  lonj;  time.      In  the  Hrst  ]»hu:e,  the  detachmeut 
asei'ihed  to  a  process  of  shrinking  in  the  vitreous.     This  liad  esitl^ 
lieeu  recognised  its  Ihc  result  of  anatomical  exaniiuutidu  by  Aril  aju 
>rulli'r  iu  eases  where  the  detachmeut  wan  secoudiiry  to  eycliti*. 
fiiiuilur  caurie  wa«  also  ajipiirent  wliore  o  sejianiliun   took  ]4uee  tutin< 
time  alter  hfpuiorrhage  into  the  vitreonn,  as  here  the  eontntction  of  thi 
MoikI  clot  might  \\x\m^  ou  aiul  detach  the  rt*tiua.     lUtt  it  was  not 
to  underfltiind  how,  with  a  normal  or  nearly  iiominl  tninapftpency  oi 
tlie  vitreous,  there  eoidd  Ik*  exerte*!  by  it  a  tnictiun  whicli  ctmld  givi 
rise  to  a  BjKintaneous  detiehme.nt  of  the  retina,  uutl  yet  this  »udd 
detachment  in  an  eye  in  which  the  media  were  clear  was  the  tuosi 
(yinnnon  rase  calling;  for  explauiitinn.     Tlie  second  explanation  lay  i] 
assuming  thut  an  exudation  look  place  from  the  ch<ir«»id,  »nd  by  acciua* 
uliitiiij^  Itetween  it  and  the  rt-tiiia  eiiused  th*'  sepiLralion  oi  the   retiiui.] 
This  view  was  apparently  supported  when  Uuelduiauu  [)rujMniiidi*d  ib^ 
hyi»othesi.s  that  such  an  exudation  might  readily  be  .sup|Kwd  In  lake] 
plftce  if  the  detachment  weiv   preceded   by  some  alteration    in    Um 
t^heniical  constitution  uf  tlie  vitreous,   which   gave  rise  to  an   int 
fopcnce  in  the  process  rtf  diHusioii  Uiking  place  Iwtween  th*-   blonil 
in  the  chorio-capillaiis  and  the  jtresumably  saline  solution  iH-cupyi 
the  vitreous  chamber.     The  unleriabiUly  of  this  hy|)othesi«,  hiiweverj 
is  appun^nt,  as  Xoixlen.'^on  and  others  Jiave  |H)inted  out,  from  tho  fa 
that  tlie  vilreou.s  chamber  contains  exactly  the  same  alhiiniin<m5  flui 
as  lies  W-hind  the  retimv.     iJesides,  it  ascrilx'S  to  the  living  n-tiun  ti 
fflVw  the  same  properties,  ns  far  as  it!^musi>*  goes,  :is  a  dead  ni^mbi 
on  which  asaumpti<m  it  would  be  dittitult  to  understand  why  it  rvei 
n-tuins  its  iM).«itiun.     Stellwiig  srems  to  have  been  tlie  liivl  to  niitini 
that  tlirn^  Tinist  be  sonic  disoaseii  e*aidilion  of  the  vitret)us  to  admit  oj 
lb-  y  of  iletJii-Iitricnt  uf  tlie  iilina,  whde  the  trt.*ml)liug  oi 

!«b  i  Ii   lut   uxtirtllv  W»  (*eeii  in  the  dctuf'liinent  would  only 

a  rtuid  both  Kdotv  and  liehind  it.      A  detinil 
trnli?   by  Iwmiotf,  who  showed   that  the  rcti] 
prwribnl  by  a  detachment  of   the  vitruouii 
in;2  tHTupicil  by  fluid.     After  this  diweovei 
ijpoibcMB  that  the  subvitriual  Huid  fnuud  tl 
Hoou  »a  n  reutoccun'ed  in  thai  membmuc. 
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T,  who  hiul  fouml  tbat  u  pruryjis  of  librillar  shrinking  tLK>k 
the  ant^or  portion  of  the  vitreous  leading  to  it«  detarhnicnt, 
.Tuit  the  niar^^ris  of  the  rent  or  rents  fo\iiid  in  the  retina  were 
^*a  turned  in  townrds  the  \'itreous,  came  to  the  concltwion  that  the 
iking  vitreous,  while  maintaining  its  transparency,  draped  on  the 
41,  eventually  eausinj;  a  rupture.  When  this  rupture  t<x>k  place 
3p(x)st?d  that  the  Huirl  in  the  vitreous  then  juiiised  in  Ijehiud  the 
tlmui^h  the  niptuns  and  fille<l  up  the  space  left  hy  the  mem- 
; which  wa.^  drawn  forwanis  at  the  place  of  its  nttiuihment  to  the 
vitreovis.     This  explunutiou  has  heen   very  strongly  c<m- 


AN 
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I.  04. — Oftae  of  dtftocliment  of  the  retiiui.  with  rupture. 

by  XonleuKou'g  invcKlit^tions.     Tlien*  4:an  Ix'  little  dnuhl  that 
?iwnt«,   if  not  exarlly,  vi-ttp'  nearly  what  actually  hapf»ein»  in 

ruptnrc  in  the  retina  would  thus  ap])oar  to  be  nec<«Aar>' 
idioiMithic    detachuK-nt   to    tflke    pla«*e.      A«   a   mutter    of 

ich  a  rupture  (bom  Fig.  61)  is  wmielimes  to  Vjc  sw-n  with 
>hUijUnK)scoi>e,  hut  by  no  mwins  invariahlr.  Ii»  "ne  hun^lreil 
incteeu  caws  in  which   Xonlensou  looked   for  it  hr  f»>und    it 
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oiilv  in  forty-six.  Hy  romftrk^  very  truly,  however,  thnt  the  raj 
though  prt'Hont,  mi^lit  very  nuviiily  fficftj»e  detootion  with  ilc 
tnoscopo,  for  a  niimber  of  reasons — tm  account  of  oirtt'itT  "J 
vitix'oiia,  l)y  ite  hoing  tot)  i>erijihfiral,  hy  beinf;  covi-rwl  bv «  \M\ 
retina,  or  owing  to  the  reapplication  of  tin?  pfirtion  of  the  ft'tiw 
had  bt'on  torn  uft^r  a  sinking  of  the  fluid  had  tuken  place  Ufiiinii 
In  the  cases  where  it  w.-va  seen  it  was  found  in  nil  jwirtii  of  the  rra^"] 
but  (uoat  frequently  in  the  upper  and  outer  ([Uadront  '*n!c  r»-i 
rarely  indeed  was  there  more  than  one  rent  in  the  wimr 
some  cases  a  deei>ening  of  the  anterior  charnher  and  rotractJon  u.  ^ 
lens  is  olwcTved  along  with  tletat'lied  retina,  and  is  probably  »i»4W' 
to  shrinking  in  the  vitreous. 

riie  (luestion  naturally  then  arises,  What  gives  rise  lo  thianjpfciii^' 
tion  and  .shrinking of  the  vitreotts  which  ajijyenrs  frr>m  recent  cawfuli* 
tomiciil  investigation  to  In?  an  actual  fact  ^     The  incre^ise  in  tlieuQ»l» 
of  oases  as  age  advances  suggests  tlie  ]H\«?itiility  of  its  bcinp  aflwi*' 
oliange,  and  indetnl  the  only  difterence  in  anati.>mical  slructuw  piw* 
hy  the  shrunken,  as  eonipaved  with  the  normiU  viln'oiw,  iftlbcp 
density  ami  approximation  of  the  tihnms  or  connective  tis8m">leii 
suggesting  a  loss  of  more  or  less  of  the  water  hy  wliich  lhi*y  are  a' 
hcidthy  stiite  swollen    out.      Whether  this  t^ikea  plnre  without 
(wcuri'enee  of  some  form  of  choKtitlal  inthuumalion,  which  ;jiveA?«l 
an  interference  with  the  nutrition  of  the  vitreous,  dw^  not  as  ti^i 
(juite  cKar.     The  greater  frequency  of  the  disease  along  with  nivo] 
very  prohahly  due  to  tlie  freijucnt  associntion  of  eho^oidill^ 
state  of  ri.'friiotion,  and  not,  as  was  first  supposed  by  von  tin- 
dragging  which  the  gradual  tlistension  of  the  elongated  eye  <     i 
the  retina.     I  have,  for  insl:ince,  seen  dctaclicil  rrHina  in  a  1  ' 
two  sons,  agetl  l^^ti  and  twelve  resi^vctively,  the  father  with  m 
the  sons  with  some  traces  of  choroidiliH,  lait  with  ennueinii 
tion.      lU're  it  is  not  perha]is  too  fiU'-fetched  to  iwsume   than  tin'  ** 
inherited   that  condition  of  the  vitreous  and  choroid,  which  in  ^ 
father  led  hith  to  an  aiitei-o-posterior  elongation  of  ilie  globe  «tt*  * 
detachment  fmni  shrinkage,  but  in  them  merely  to  the  latter.   T!w 
occasional  subaequent  aasociatictn  witli  iritis  in  cases  of  detachcil  rrlifl* 
points  also   to  a  uveal  ongiii  of   the   jmthologicaJ   condition  ef  ^'^ 
vitreous,  hut  it  may  well  he  that  sevi.'rnl  causi*s  exist  for  it. 

The  tveuimeni  of  detache*!  rotiua  hns  hitherto  been  veiyM- 
satisfactory.  The  fact  that  in  some  cases  the  retina  to 
U^ciinie  temporarily  or  permauently  reapplied  if  the  attacbnwl 
1^  recent,  suggests  the  advisaliility  of  keeping  the  patient  (f^ 
some  weeks  lying  on  his  back.  It  is  customary  to  combine  Uii-* 
with  pilcu'ar]»ine  injwrtinns,  or  with  other  means  of  promotiUil 
absoiption.  This  I  have  generally  done,  but  I  cannot  say  tlutl 
lutve  seen  any  permanent  good  result  from  it.  Von  (iraefe.  wJi" 
believed  that  the  cases  in  whicli  he  found  a  rent  in  the  nstiw 
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favourahle.  and  whn  (iid  not  suapert  rtiiy  causal  con- 
ween  it  luul  the  detaclnnent,  jtroposed  ami  frequently 
carrikxi  out  w  |KTforntion  of  the  retina  from  within.  Tliis  treat- 
numt  WTM  followed  bv  others,  until  it  was  shtmn  bv  Hansen 
<trut  lo  1hi  of  no  use.  Removal  of  tlie  suhretinal  fluid  by 
{iQDctttrc  through  the  sclera  has  also  often  been  tried,  but  with- 
out any  luarketl  siicoess.  An  uttemjit  was  made  some  years  ago 
by  WnllT  lo  revive  this  method  of  treatment,  by  which  he 
claimed  to  have  obtained  renmrkably  good  results.  Unfortu- 
njitelr,  lu>wever,  othei'S  lx»th  In^fore  and  since  have  not  Vieeii  able 
coutinii  tlu&    A  constant  drainage  of  the  subretinal  space  by 

113  of  a  piece  of  gold  wire  left  sticking  thi-ough  the  sclera 
w»s  for  some  time  trietl  by  Wecker,  also  unsuccessfully.  What 
b  ap|iareutly  wanteil  in  the  light  of  tlie  pi^esent  knowledge  of 
the  pathology  of  the  dise^ise  is  s<jmething  which  will  prevent  or 
iijuuleract  the  shrinking  process  going  on  in  the  vitreous,  and  at 
the  stuue  time  create  a  surtiuient  amount  of  adhesive  iuHammatiou 
Itctween  tJic  choroid  and  the  retina  which  lias  8e]>araled  from  it. 
Scholer  claims  to  have  obtained  g^nwl  results  i»y  injecting  a  drop 
ur  two  of  tincture  of  iodine  int<j  the  vitre<Mi8.  Those  who  have 
Mloweil  bijQi  in  tliis  treatment  have  not  been  able  to  con6rui 
bk  sUtenient.s  with  regard  to  it.  80  far  as  tlie  method  has  as 
yet  been  develoi>ed  it  np|»ears  lo  be  not  oidy  uncertain,  but 
eTk!ii  dangerous.  It  may  cause  much  more  severe  intlamma- 
is  desired,  and  lead  \a\  destruction  of  the  eye.  One 
eu  recorded  by  (.Jelpke  where  it  led  to  dealli  from 
meningitis. 

Detachment  of  the  retina  is,  nevertheless,  one  of  the  few 
diseases  of  the  fundus  whi<'h  we  may  not  unreasonably  ho]>c 
jumis  day  to  be  nble  to  check  in  some  meiisure  by  active  treat- 
ment The  more  satisfactory  knowledge  which  we  now  have  of 
iu  pathology  may  possiidy  lead  tn  some  treatment  which  will 
prevent  many  case^  from  going  on  to  c-omplete  loss  of  sight.  It 
IB  evidently  very  desirable  to  discover  some  means  of  diagnosing 
at  an  wirly  st^ige  ihe  detiiehmeut  and  shrinkinrr  of  the  vitre<»us 
which  so  often  prwetles  it. 

OPAgi^  Nekve  FiBitiw  i\  the  Htn-ISA.— As  tliey  pass 
through  tlie  lamina  cribrosa  of  the  optic  nerve  tht*  fibres 
l<eCA>me  divested  of  their  myeline  sheath.  Tins  account*  both 
for  Uie  ccimiMinitively  small  diameter  of  the  papilla,  and  for  the 
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trail s]»areiKy  of  the  fibres  as  they  stretch  over  ami  fomipi 
the  retina. 

In  acme  eases,  and  in  all  pmltahility  as  a  con^enilaj  ai 
because  the  myeline  sheatli  is  developed  around  the  fibn 
the  optic  nerve  before  birth,  some  of  the  fibres  in  the  reUOi 
rendered  intransparent  by  l»eing  provitled  w'ith  a  myeline M 
in<£.  The  appearauce  vvliieh  tliis  almurnmlity  pif^ents  ia 
characteristic.  It  is  seen  as  a  brilliantly  white  pBlcIi.  m 
extending  from  the  upper  or  lower  edge  of  the  disc,  smneli 
from  both  at  the  same  time.      This  pateh  almost  inv 
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Fig.  0.*). — Opftqne  nerve  fibres  in  the  reCinn. 


cornea  up  to  the  margin  of  the  disc,  so  as  to  appear  ( 
tinuous  with  it.  while  at  its  peripheral  end  it  is  less  %\ 
(IcIiiH'tl,  pre.seiitiiig  a  striated  ap]»earaiice  owing  to  the 
of  the  fibres  eruling  at  ditt'ereiit  distances  from  tiieir 
Tlie  patch  is  rarely  as  big  as  the  disc  itself;   when  hi 
curves  rrmnd  over  the  iiiacula.     Oeca.sionaIly  a  detached 
at  some  distance  from  the  papilla,  has  l>een  seeu.  in  which 
Fter  having  lost  their  sheaths  have  again  regained 
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artr  almost  always  here  and  there  hitldeu  by  the  opaque 
Whether  this  is  or  is  not  tlie  c»usr  <U'j>en(iH  pjirtly  on  the 
depth  and  partly  on  tijc  degree  of  opacity  of  the  sheatlied  fibres. 

Sduuidt^Ktrnplcr  has  showir  iu  two  coses  tlmt  the  sheath,  though 
Itak  tr,    '  irw  rnbn>8ii,  is  rcgftin*'*!  lu*  soon  as  the  iier\'e»  pass  out 

iulo  *  1      Thif»  is  prolMibly  not  always  tlit?  cnse,  ms  I  have  seeu 

on  •»¥«:»]  vcca^ions  deo^t'ly  white  patches  in  thu  disc  itsolf,  wliich 
then  etmld  he  little  doubt  wore  ilue  to  ri'ttntion  of  niyeline.  In  S'ome 
Cttflii,  liv.,  snoh  irrcj;ularly  shnjM'd  whit<?  pntelies  exist  in  the  papilla 
4laog  wilh  ohanu'teristic  patclics  in  the  retina. 

TheiTe  is  a  littl«  difficulty  iu  diagnosing  patches  due  to  opaque 
ncnrc  fibres  (see  Fig.  65)  from  inHamuiatory  exudations  in  the 
ina.  The  latter  are  usually  of  a  less  dense  wliite,  they  do  not 
lit  the  same  striated  appearance  at  their  fM.'ripheral  ends,  do 
not  coine  into  such  immediate  contact  with  the  margins  of  tlie 
diftc, and  ai-e  l>eside»  asst:»ciated  with  hypenemia, and  often  Ineuior- 
rhagvs«  al  other  jwirls.  I  have  seen  the  two  conditions  present  at 
the  aaiue  time  witlkout  rendering  the  diagnosis  difficult. 

0|)aque  nerve  fi!»res  nuiy  occur  in  one  or  botli  eyes, — more 
fivjuently.  I  think,  only  in  one.  They  do  not  give  rise  to  any 
defet*t  of  vision,  further  than  as  a  nde  some  corresponding 
of  extension  iu  the  size  of  the  blind  spot.  They  are  met 
th  us  the  normal  condition  in  souie  of  tlie  lower  aninjala  In 
man  they  »re  unconiinon,  thougli  by  no  means  very  rare, 

llKTINAL  CUANdK-S  PRiJDVCKli  BV  exiiON*;  LuJHT. — Very  per- 
sutti'Ui  afl*r-images  may  be  produced  by  loolciug  at  the  sun  or  a 
strong  electric  light.  If  the  exposure  has  not  l^eeu  t<xt  prc»longed, 
the  defect  of  sight  thus  caused  nuiy  be  recovered  from.  A  pr<i- 
longed  exposure  give-s  rise  t^)  a  coagulation,  or  ^»  some  ftlher 
unknown  molecular  change  at  the  macula,  with  the  ap])c\arance 
\A  ft  ftmall  irregular  patch  in  that  region,  aiid  the  production  of 
a  jiensisteut  centntl  scot^jma.  Less  strong  sources  nf  light  Jilso 
give  riiie  to  macular  clianges.  I  have  seen  such  apparently 
produced  by  constant  use  of  the  microscope.  Tlie  changes 
m  these  cases  appivir  to  be  more  of  the  nature  of  small 
harmurrhages  at  the  macula.  Sometintes  they  are  api>arently, 
in  the  less  sevexe  maes^  mere  temporary  alterations  in  the 
■rmngenieut  of  the  pigment  at  the  fovea-  They  nuiy  give  rise 
tf>  considerable  central  amblyopia  witli  metaiuorphopsia,  but 
the  vittion  is  usually  slowly  regained. 
15 
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Diseases  of  the  Okfic  Neiive. 

Optic  Xkl'kitis. — Intiiiinmation  of  the  optic  iiene  t<'« 
cither  alone,  when  it  is  often  called  jktpiUUis,  or  alnuj;  w4 
more  or  less  inflaniination  of  the  surrounding  retina,  giving  w 
to  an  appearance  which  goes  by  tlie  name  of  ncuro-niimtk 

A  true  papillitis  is  raost  frequently  connected  with  »« 
l)atliulogical  change  within  the  cranium  ;  but  such  changes  oftt 
lead  to  neuro-retinitis  as  well.     It  is  characterised  bym<.«(f 
l(*ss  intense  passive  hyperu'mia  and  swelling.     The  vtiu?  w 
engorged  sometimes  to  an  excessive  degree,  while  the  aiwrift 
on  tlie  other  hand,  are  normal  in  calibre  or  narrowed  TTif 
colour  of  the  whole  papilla  is  heightened,  and  the  wifc 
causes  it  to  become  prominent,  so   that  its  surface  is  on  J 
diil'erent  level  from  that  of  the  retina,  while  its  margins.  iiis:t*i 
nf  being  sliarjdy  deiiiu^d,  are  more  or  less  oblifeenitecL  Tlie 
swollen  nerve  tissue  also   gives  rise  here  and  there  to  ^^ 
ilisai)])earanee  of  the  vessels  in  the  papilla,  and  these  niav  1< 
.seen  to  dij)  aliruptly  at  its  mai-gins  as  they  continue  tbdr  cuiiN 
in  the  retina.     This  obliteration  of  the  margin  of  the  Ai^-^ 
usually  iirst  noticed  at  its  upper  and  lower  edge,  sometime*  "ilf 
to  the  na.sul  sid4\     Often  a  very  distinct  striation  can  be  w^' 
out  (»n  tlie  swollen  jiapilla  as  the  bundles  of  swollen  fil»re>  ;ii 
brought  UKtre  ]irominently  into  view.     There  is  at  the  wi'"'' 
time  moiv  or  less  marked  loss  of  transparency  of  the  Uf'*'^ 
tissue,  and  an  increase,  often  considerable,  in  the  apparent  r^\^- 
of  the  disc.     Tlie  degree  of  prominence  of  the  swollen  \n\\^^ 
can  be  ajipreciated  by  observing  the  diilerence  in  the  stwip 
<if  the  glass,  whieh  is  necessary  to  focus  accurately  the  surm^^' 
of  the  disc  and  tiie  surrounding  retina,  and  allowing  roughly ''-'' 
millimetre  for  every  three  dioptres.     Tlie  extent  of  pirallm-''- 
jiiovement,  wht?n  on  direct  opiithalmoscopic  examination  lii'" 
<ibserver's  head  is  moved  from  side  to  side,  or  when  on  iinlir'"^ 
examination  a  movement  is  given  to  the  convex  lens  in  aj-W' 
parallel  to  tlie  face,  gives  a   very  good  idea  of  the  initii^i'Ly 
of  the  .swelling.     The  amount  of  swelling  met  with  is  vrrj' 
variable,  and  the   time   taken   for  the  development  of  iW"^ 
ciiang(^s  very  ditlerent. 

A  considerable  degree  of  papillitis  may  exist  without  iutov- 
fering  to  any  appreciable  extent  with  the  functions  of  the  tyc 
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itral  and  peripheral  vision  far  l»oth  form  and  colour 
perfect.     Souietiuies   tlie   absence   of  any   subjective 

ts  lasts  for  months,  but  as  a  rule  it  is  not  long  before 
111  acuity  becomes  more  or  less  reduced,  and  the  sight 

leed  be  altogether  lost.  AVhen  such  loss  of  visir»n 
iretty  suddenly,  it  should  always  aioust*  the  suspicion 

being  some  other  cause  for  it  besides  the  swelling  in 
»illa.    Tlie  giadual  loss  of  vision  is  no  doubt  due  to 


Fio.  66. — ]£*rly  st^ige  uf  uptiu  ntiUintiii. 

iion  of  the  nerve  tibres  in  the  jtapilla,  by  the  f^Tadual 
which    the   inHunimntory    extnlution    undergoes.      An 

of  visual  disturlmnce  at  first  attords  no  f^uarantee  that 
not  afterwards  come  on.  When  the  central  visinn  is 
there  is  almost  always  at  the  same  time  to  lie  found 

or  less  concentric  limitation  of  the  field  of  vision  with 

or  leas  loss  of  colour  vision.     Sometimes  the  restriction 
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of  the  field  is  uiore  irregular,  afifocting  often  the 
the  field  more  markedly  than  the  teiuporaL  The  iiiiim  f]j 
iiiay  Homelimes  l>e  fcaind  to  be  increased  in  size,  es|K?taal^ 
the  test  object  l)e  small  and  not  very  bright  The  lights 
is  iiftecled  mainly  in  the  way  of  appreciation  of  diflewMI 
illumination;  there  is  no  ni^hL  blindness. 

Euc.ephaloj)athie    papillitis,    or    papillitis    syniptouiilv 
disease  in  the  brain,  is  practioilly  always  bilateral. 


JIM 


Flu.  67. — Later  Rtoge  of  ojitic  neuritia.  ^H 

few  cases  have  been  met  with  where  it  has  occuiTed  o; 
one  side,  Hiighlin;^'S  Jackson  has  recunled  two  stich  « 
unilateral  optic  neinitis,  in  each  of  which  a  tumour  was 
ill  x\\y\  ci]ipoaite  oerebral  hemisphere,  and  in  which  the 
hemiplegia  of  the  same  side  as  the  neuritis. 

Tlie  aimLumicul  changes  met  with  consist  in  the  inCP 
the  nuclei,  and  other  evidences  of  in!lanimatiou,  and  ge 
in  iln>]»Ky  of  the  she^tli. 
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The  couilition  nf  swelling  of  the  papilla  in  which  an 
;»cciimulatt'>ii  of  tluiil  in  the  shejitli  is  supposed  to  be  present,  is 
f»fu*n  cadlcMl  choked  ffi^tc.  It  was  at  one  time  considered  that  an 
appreciA)»le  (vphthulinoacopic  difference  exist-ed  between  tliis 
cunditum  and  swcUinit:  due  to  de.s<'ending  neuritis,  but  it  is 
oow  generally  adniiiteil  that  this  distiueti^m  cannot  l>e  made 
elinitadly.  and  indeed  tliere  apiiears  to  be  very  little  reason  for 
wvtn  an  anatomical  classification  of  this  nature.  There  are  of 
drane  great  difTfri-nci^s  in  the  degree  (»f  intlainniation  in  ditlerent 
cmm»,  Init  these  differences  arc  not  due  to  essential  ditfercncefl 
in  the  etiology. 

Not  iill  pathological  processes  in  the  brain  give  rise  to  optic 
neoricia.  It  occurs  most  frequently  with  tumours ;  indeed,  so 
frequent  i»  this  ass(»ciation,  that  its  recognition  must  be  looked 
npijn  08  a  fact*jr  of  primary  importance  in  the  diagnosis  of 
ctsrehnd  tumour.  Next  in  point  of  frequency  comas  neuritis 
along  vriih  meaingitis.  Some  CHses  of  liydroceplialus  are  asso- 
ciated with  optic  neuritis.  M(tre  frequently  a  simple  atrophy 
%4  the  nen'e^  is  found  in  this  connection.  It  hfu*  been  seen,  too, 
in  oonnectioa  >nth  purulent  indammation  of  the  middle  ear, 
when  the  inflammation  lias  sjucjuI  to  the  braliL  I  am  inclined 
to  think  that  this  must  be  a  very  rare  connection,  as  I  have 
^H  .,..r...^l  ilif,  eyes  ju  a  nundjer  of  such  cases  without  finding  it. 
r  IS  rare  altogether  in  cases  itf  ai^scess  of  the  brain.     It 

Ih  tuti  met  with  iu  cerebral  apoplexies,  or  in  softening  due  to 
Lhn>mb(hsis,  Again,  in  other  fomis  of  cerebral  disease  with 
which  it  may  in  any  particular  vnae  he  associated,  the  (piestion 
*'■■  «,  whether  it  is  not  more  intimately  connected  with 

il-  ^...i..i^\  rhsease  of  the  bl(KMl  or  bloiMl-vessels  than  with 
the  iDAuifestationa  of  that  disorder  in  the  bratn.  T  have,  for 
instiuire.  seen  a  case  wliich  was  under  tlie  care  of  I»r.  Atllcck 
At  the  Edinlmrgh  lU»yal  Intirnmry,  in  which  there  whs  pro- 
nnanced  optic  nenritis,  and  in  which,  although  death  took  place 
under  the  nmsl  ntarked  "cerebral  symptians,"  the  /Mjnt-m0iifm 
examination  revealed  the  entire  aliscuc*?  of  auy  brain  disease. 


A  ;.'ooJ  dwil  of  s|R'CuIation.  baseii  on  idinical  us  woU  as  cxi^Ti- 
mcntal  ifai^t*,  has  for  Koi^  Ix'cn  iudulgtul  in  to  account  for  thr  connc<.lit»n 
helwc^fi  optic  ivciiritis  luid  l>miii  diseu9«'.  Tin*  vory  frequent  as^ovia- 
titm  with  iimiu  tumourii,  lu  wrll  am  tlio  fnct  tliut  iiuithur  tlio  ponitiun 
tMir  the  uatarc  of  Ui«  tunioar  in  the  bmiu  «evm«d  of  spcoiid  intluence, 
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not  unnaturally  Icil  to  tlic  Helit?f  that  tlic  neuritis  was  intimately  con- 
ntjctt'd  with  th«:'  increased  tension  within  the  crunium  wliich  the 
growtli  caused,  or  niif^ht  be  supposed  to  cause.  Yon  Gmeff  l»eUeTe<l 
tliat  this  increased  intnicraniiil  pn^ssure  cauwd  rnnipression  of  the 
oavernouB  BinuR,  and  a  consequent  venous  eniuiorgement  in  tht*  n.-tiuiL 
This  view,  was,  howoviT,  found  to  lie  untenable  wlien  the  reUition 
between  the  circulation  within  the  eye  and  the  brain  was  bwtt«r  under- 
stood, and  it  w.xn  fuund  that  there  was  such  n  complete  anastumosiH 
between  the  retinal  ami  other  veins. 

Annther  hypothesis,  genendly  known  as  that  of  Srhmidt-Rimpkr 
mid  Maiiz,  then  leceived  sujipurt.  AcC(ir<Jin^i  to  this  hypnihesi*, 
tlie  eerebro-spinal  Htiid  was  driven  alon^  the  sheath  of  the  optic 
nerve,  and  caused  con)i»ression  or  clioking  of  the  papilla,  thus 
leading  to  morn  or  Iphs  nndema  and  inHammation.  Thi&  explanation 
foUoM'ed  shortly,  and  almost  us  a  natural  consequence,  on  the 
discovery  made  by  Schwalbi*  of  a  direct  communication  between 
the  arachnoid  space  and  that  existing  between  the  cjptic  nerve  and 
ite  sheath.  Tiie  distuusion  of  the  distal  end  of  the  sheath  has 
also  been  ascril)ed  by  Hughlings  Jackson  and  IJenedict  to  vasomotor 
changes,  jjroduced  by  irritation  within  tlie  brain.  It  is  difficult  to 
sec  how  such  an  irritation  is  to  be  ascribed  to  the  action  of  a  tumour 
wliich  may  be  situated  ii»  imy  part  of  the  bndn.  It  is  thus  explained 
by  Hufjblinga  Jackson  : — "  I  think  that  optic  neuritis  may  1k>  a  doubly 
indirort  result  of  load  j^ross  or^ani'-  diwiv^iv  ;  that,  first,  then?  are  chnnisV-* 
of  instnliility  idmut  tlie  tninonr ;  that,  next,  these  lead  on  dischargi's 
by  interiTU'iliatiou  of  vasomotor  nerves  to  rejieated  contractions,  with 
fiutisoipient  paralysis  of  vessels  of  tlie  optic  ner\'ejt  or  centres,  and  thus 
at  lenyth  to  thnt  trunble  of  nutrition  which  is  optic  neiu-itis." 

Tlie  disttmsion  of  the  sheath  ju*  an  almost  constant  occurrence  ii» 
an  anatomical  fact.  C*Dly  a  few  cases  have  been  K'conled  where  it 
has  not  Ix'en  found.  That  the  distension  is  caused  by  tluid  fn.mi  the 
lymph  fljjact'S  in  the  brain  is  at  least  extri'mely  prolxible.  The  only 
weak  point,  then,  in  the  choked  disc  hypothesis  is  the  supixisitiou 
that  the  pressure  of  fluid  accumulated  round  the  neck  of  the  papilla 
should  be  capable  of  giving  rise  to  the  symptoms  oliser%'ed  on  ophthal- 
moscopic examiiintioii,  or  indeed  to  any  true  inflammation  at  all.  The 
Ixdiof  that  the  n^d  or  supposed  pressure  does  mU  do  so — a  view  in 
support  of  which  Deutsdimann  has  reccTitly  brought  forwanl  very 
strong  experiment-al  evidence — has  lofi  many  to  ascrilw  the  inHam- 
matory  changes  in  the  pa[)illa  to  a  descending  neuritis.  Thus  Gowera 
says — '*  In  a  largo  number  of  ciuacs  of  neuritis  there  is  distinct  evidence 
of  a  descending  iutlammation,  either  along  the  front  of  the  optic  nerve 
or  along  its  slieath,  mid  in  e^scs  of  meningitis  such  descending  in- 
flammation is  invariable.  The  distension  of  the  optic  sheath  with 
serum  has  l»cen  regarded  as  the  chief  mechanism,  but  it  is  not  essen- 
tial for  the  production  of  neuritis;  it  may  lie  a1)seut,  and  its  occur- 
rence is  related  especially  to  the  preaence  of  an  excess  of  subaraehnoiil 
fluid." 

It  is  not  impoft&ible  that  such  a  descending  nenntis  moy  have 
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with  tho  prrtiluction  of  tht  iutraooulnr  apjifjinmcoH  in  cam's 
'\\\<.     But  not  only  \-a  ucuritix  nut  iienrly  so  frL-i|uunt  aluiig 
^  ^  us  with  tumours,  hnt.  in   t)ie  liitter  ronnection  the 

c-;...  ^nrca  luv  RTvatly  in  favour  of  the  i>n|)illa  being  more 

iaieti  lal  thun  the  trunk  of  the  nerve.    Some  other  cxplauntion 

ba*  ti»»ri-HMr  i.t  b»>  looked  for.  That  given  hy  LeV-r  seems  V*  neconl 
eompletrly  with  all  the  clinical  facte.  Kxpcriment*  mmle  by 
Ischmann  imtK-r  LeK-r's  supcn^ision,  an'l  more  recently  imlcpend- 
•xperiiuents  by  Scimenii,  have  leil  to  resnlts  which  greatly  contirni 
! -w-^  Ij»her  heliovefl  that  the  fluid  iiccumulat*,'*!  at  the  ilistal 
nrn-e  shL-aUi  fut^rvi  the  lymphatic  8|Mices  of  the  uene,  and 
r.itin>;  nntun?,  then?  .^ictfl  up  inflamniatopy  clmnges.  Tn 
-.  "  Inlracratiiid  tuniourn,  as  also  tuberculoiiiH,  yive  rise 
ion  of  thu  vcHseU,  secretory  inHanmiation,  hydrtjps  ventricu- 
i  incTv:tftetl  pres.suiv.  The  products  of  tissue  change  of  those 
l>ec<iuiing  mingled  with  the  infinmmatnn'  tmnsuiiation.^i 
..-  ^.k  iutinummti^^iry  stimulus,  and,  {Kissing  with  thecercbroi«pinal 
il  inu»  the  intravagituil  space  of  the  oi>tic  nerve  a.'?  far  as  the  eye, 
JTMB  tb«n!  to  ncuriti.-*  and  papillitis."  Wliilst,  therefore,  an  in- 
condition  of  the  tr\nik  may  exist  at  the  wime  time,  owing 
io*tfc#  Mme  irritation  by  the  transuded  fluid,  the  tendency  to  accuui- 
obta  rottrnl  the  papilla  causers  the  more  severe  sym]»toms  to  Iw  de- 
<-  '     I  that  {MTliou  <.tf  the  nerve,  which  is,  to  a  great  extent,  visible 

*  "phthalmuKco|»e.     There  is  certiiinly   nothing  more  extra- 

ocitiiiary  in  this  than  the  greviter  tendency  towards  inflammation  of 
ll»*  anti^nor  i)ortion  of  the  uveal  tract  in  sympathetic  ophtlmlmili*, 
ftltbou}(h,  awohJing  to  the  views  now  heM  as  ttj  its  pathology,  the 
»cefl  giving  ri»e  to  euch  iutlammutiun  must  come  in  contact 
other  fKirlH  of  the  eye  Iwfore  reaching  the  ciliary  bfxly  and  iris. 
iilly  in  Ixilh  coses  a  certain  accumulation  of  the  irritating  materifd, 
tercr  ita  natun?,  must  take  place  before  marked  intlanimatory 
rcsiUt  It  has  still  to  l>e  shown  that  the  fluid  collecting  in 
rro  phpAth  is  of  a  distinctly  imt^itive  nature,  and  if  so,  to  what 
it  owe*  it«  quality.  The  other  symptom;*  accompanying  the  presence 
uf  imnrmrs— headache,  vomiting,  Ac,  as  well  as  certain  anatoujical 
have  been  met  with — undoubtedly  point  to  the  irri- 
I  th"  exudtni  fluid. 

'  V  in  the  way  of  accepting  Leljcr's  hypK)the«ifl. 
oiirit  l*i»r  the  verj-  n»re  but  undoubted  CA^es 
of  anilAti'ml  optic  neuritis  from  cerebral  disease?  There  appear 
to  K  tt  Ii'jist  three  p»^MiViilitiefl, — either  they  are  only  apparently 
r  with   the   procojis    in    tho   brain    while    actually   due    to 

ier  co-exiiiting  catu^  ;   or,  supposing  such  connection  to  be 
A,  Uiejr  havu  a  tlitfereut  ajid  less  comraon  etiology — descending 
for    instance ;    or   finally,    while    originating    in   the   way 
by  LcImt,  Home  stnictunvl  abnormality  on  the  other  *ide 
ri-     ■       .    with    it«   manifestation   there   as   well.     One   fact,  which 
i;  of  imjHirtance  to  rcmendjcr,  though  possibly  only  a  cnin- 

iM;c>,  i»  that  tho  neuritis  has  been  usually  on  the  opi>osite  side 
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from  that  occupieti  hy  the  tumour  in  the  brain.  The  hituour  ini^  I 
therefore  well  1k^  supjioseii  to  exert  sulKcient  pressure  on  thenfm«  I 
fine  8itle  to  prevent  tho  fluid  distension  of  \U  sheath.  Such»n«i'l 
planatiun  would  be  likely  if  the  eye  which  was  fnse  from  neunuslnd  I 
uevuithelefis  very  defective  sight.  1 

There  appears  to  be  no  invariable  connection  between  tte 
acuteuess  of  the  cerebral  and  otndar  symptoms,  AcotnlingU* 
Gowers,  if  the  cerebral  disease  be  acute,  the  accouipanriiij 
neuritis  is  always  acnte.  A  chronic  nenritis  probably,  tlie^ 
fore,  signifies  chronicity  of  the  affection  in  the  brain,  wliilr,* 
Llie  otlier  hand,  an  acute  neuritis  may  be  set  up  by  disease  rf 
chronic  as  well  as  acute  disease. 

After  existing  for  a  longer  or  shorter  time,  the  neuritic  pro- 
cess as  a  rule  passes  on  to  atrophy  of  tlie  nerve,  with  nutre** 
less  complete  dcfitruction  of  siglit.  Most  frequently  tlie  i'W* 
ness  thus  produced  is  eventually  complete,  and  this  may  oocffl 
long  befoie  the  brain  disease  letids  to  the  deatli  of  the  ptiUMt 
At  otlier  times,  after  liaving  progressed  to  a  cerUiia  extent, tk 
process  remains  stationary,  and  some  degree  of  sight  is  lef^ 
Tins,  I  believe,  is  more  itften  tln^  case  in  children  than  iii  aJolti 
and  probably  mostly  when  the  nenritis  is  originally  connedrtl 
with  meningitis,  in  which  cases  it  is  generally  less  severe  ihui 
when  set  up  )ty  tumour. 

Some  cases  of  neuritis  get  well  ^^^tllout  uudergoiug  any.fir 
only  very  slight  traces  of,  atrojihy.  Mostly  such  ca-ses  hart 
retained  gnod  vision  t}irou«,diout  tlio  period  of  inflammation. and 
only  in  such  have  I  seen  this  practically  complete  rec4)very,  ^ 
it  appears  undoubted  that  the  vision,  though  defective  at  tW 
time  of  the  neuritis,  may  be  restored  without  beiug  permanenllj 
danuigetl  l>y  any  subsequent  atrophic  process. 

Tumours  in  the  orbit,  and  intiammatory  proc45sses,  whifl 
have  either  begun  in  the  orbit  or  spread  into  it  from  surround 
ing  parts,  may  give  rise  along  with  proptosis  to  optic  neuhli 
As  a  rule,  the  swelling  in  the  nerve  is  not  so  intense  as  iu 
connected  with  tumours  in  the  brain,  and  oft^n  a  consideiul 
acuity  of  viiiion  nuiy  be  retained,  not\vithstanding  a  high  degn 
of  protrusion.  Deformities  of  the  skull,  owing  probably 
pressure  on  the  nerve  at  the  optic  foramen,  may  Ije  tlie  caui 
of  neuritis.  Since  this  cimuectiiui  was  first  point-ed  out  by  \t 
Graefe,  a  good  many  cases  have  been  recorded.     Nettleship  ai 
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few  others  have  also  observed  pcwt-papillitic  atrophy  in  cases 

con{2cn)Ul  hy|»erostf>sis. 

A  number  of  casesi  of  neuritis  are  altogether  unconnected 
with  disease  cither  in  the  eraniuin  or  orbit.  The  et.ioh)gy  in 
4(0i*h  CA»e5  is  often  not  very  easily  nnide  out  They  may 
occur  after  severe  illnesses  without  there  being  any  definite 
conneoiiou  U^ween  I  he  particular  diseasu  and  the  neuritia 
IHher  nerves  may  lie  aflected  at  the  same  time ;  it  is  found, 
for  instance,  as  one  of  the  symptoms  of  more  generalised 
utMiritis,  Syphilis,  exposure  to  cold  when  there  is  nioi-e  or  less 
o(  a  rheumatic  disposition,  and  menstrual  disturUinces  (pnrticu- 
Urly  iimenorTho?n  and  sudden  suppression)  all  appear  to  be  of 
nndouhU'd  causal  influence.  In  all  )>uch  cases, and  c-siwcially  in 
the  more  acute  forms,  the  prognosis  i»  on  the  whole  raucli  better 
ttuin  where  the  neuritis  is  merely  a  secondary  laanifestation. 
Even  in  ca«e5  where  almost  total  blin<lness  1ms  been  produced 
by  the  iutlnmniation,  a  complete,  or  nwirly  eoniplele,  recovery 
may  take  place.  Often  a  high  degree  of  amblyopia,  with  or 
vithuut  restriction  uf  the  Held  of  vi-sion,  is  left. 

Au  interKsilng  and  peculiar  clinicjd  type  of  optic  neurilia  is 

ijaxe  which  comes  f>n  genendly  shortly  after  puberty,  almost 

•      *     '  '  ly  in  young  men,  ami  without  there  being  anyappiu'ent 

\K\  cause,  other  than  a  more  itr  less  niHrkcdly  neurotic 

temperament.     In  such  cases  there  is  usually  distinct  evidence 

fi  heredity,  several   members  of  a  family  l»eing  aftected.     It 

klways  occurs*  in  both  eyes,  causing  genemlly  pretty  suddenly 

conaiderable  blindness,  first  of  the  one  eye  and  then  of  the  other. 

Tlie  central  vision  is  sometimes  so  much  destroyed  as  to  give 

nw    to   an   almost  absolute  eentral  scotoma  from  which   the 

[lAiieJit  does  not  as  a  rule  recover.     The  objective  symptoms  are 

inch  like  other  rases  of  neuritis, — tliey  are  rarely  very  pro- 

hiunced,  hut  there  is  usually  well-marked  periva.sculitis. 

The  pathology  of  these  cases  is  probably  very  closely  allied 

a  not  by  any  moans  uncommon,  yet  not  very  sharply  defined, 

»up  of  cases,  which  arc  generally  looketi  upon  as  of  the  nature 
iA  rrirohiJbar  neuritiit.  The  characteristica  of  this  group  are, — 
V:  —  ^::ht  cluinges  in  the  papilla,  and  the  presence  of  a  more  or 
1-  :  iie  centnil  scotonut.     The  cliauges  in  the  papilla  may 

be  flo  slight  iu5  altogether  to  escape  detection,  or  they  may 
iiunouut  lo  merely  some  slight  luiziness  of  its  margins,  and 
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perhaps  a  tnice  of  periva.seuliu*  iullaniuiatian.  After  souie 
time  the  outer  hiilf  of  the  disc  may  exhibit  an  abnormal 
degree  of  pallor,  whQst  at  the  same  time  the  contrast  between 
it  and  the  nnsal  half  may  be  increased  by  some  degree  of  injec- 
tion of  iFiP  latter.  At  other  times  a  more  general  pallor  of  the 
disc  resulUs. 

The  central  scotoma  has  often  very  miirh  the  same  form 
as  that  which  charac'terises  toxic  amblyopia,  but  it  may 
differ  from  it  in  an  important  manner  both  in  shape  and 
extent.  Just  tis  in  these  cfl.ses,  it  is  usually  negative, — that  is 
to  9tty,  it  does  not  give  rise  to  Llie  sensation  of  any  dark  fijwt* 
Often  a  faint  cloudiness  is  complained  of  in  a  bright  light,  and 
on  account  <jf  this  patients  frequently  state  that  they  see  letter 
in  a  suUhicil  light.  On  examiuution,  however,  this  does  not 
prove  to  be  the  case.  At  other  times  a  more  or  less  dark, 
generally  bufl-coloured,  mist  is  complained  of.  The  colour 
defect,  too,  in  the  region  of  the  scotoma  i.s  much  the  same  as  in 
the  toxic  amblyopia.  The  scotoma  does  not  present,  however, 
the  same  regularity  of  simpe,  und  is  not  confined  to  tlie  area 
stretching  fi-om  tlie  disc  to  the  nuicula  to  that  area  whicli  is 
supplictl  by  the  so-called  papillo-macuLir  fibres,  cimngea  in 
which  have  been  recently  demonstrated  by  Nettlesliip,  Uhthoff. 
aud  others  to  exist  in  ccrtiiin  cases  of  toxic  amlilyopiu, 

A  point  of  considerable  importance  is  the  frequent  extension 
of  the  affected  area  considerably  to  the  inner  side  of  tlie  point  of 
fixation,  a  condition  wliich  is  not  met  witli  in  typical  casi>s  of 
toxic  amblyopia.  At  the  same  time  in  many  eases  there  is  some 
concentric  limitation  of  the  field  of  vision.  Both  eyes  may  be 
aftectcd,  but  much  more  frecpiently  only  one.  Where  the 
disease  is  bilateral  it  rarely  gives  rise  to  the  same  degree  of 
amblyopia  iii  tlie  two  eyes.  It  is  about  equally  comm»m  in 
men  and  women. 

The  disease  with  which  it  is  most  likely  to  be  confounded, 
and  with  which  pi-etty  recently  it  has  been  confounded,  Lh  tlie 
much  more  common  t*jxic  amblyopia.  This  mistake  is  not 
likely  to  be  made  except  in  bilateral  ctises.  Even  in  one-sided 
cases  the  loss  of  sight  of  the  other  eye  from  some  different  cause, 
as  I  have  indeed  several  times  seen,  may  lead  to  this  difiiculty. 
The  points  to  be  attended  to  in  the  ditl'ereutial  diagnosis  are 
mainly, — the  irregular  shape  of  the  scotoma,  more  particularly  its 
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Ei: .  .^itension  when  large  to  the  nasal  side  of  the  point  of  fixation, 
i  And  the  restriction  of  the  field  of  vision.  In  some  cases  there  is 
nwre  or  less  pain  complained  of  on  moving  the  eye,  or  produced 
by  pressing  the  eye  back  into  the  orbit.  Generally,  too,  the 
pftin  is  most  marked  when  the  eye  is  moved  in  some  particular 
direction. 

The  prognosis  is  much  less  favourable  than  in  toxic 
amblyopia.  Some  cases  go  on  to  coniplete  blindness,  others 
we  left  with  an  absolute  central  scotoma  and  the  ophthal- 
moscopic appearances  of  optic  atrophy.  A  certain  proportion 
— ^not  quite  half  probably,  and  these  the  more  acute  and  less 
severe  cases — recover  in  a  few  weeks  from  the  onset  of  the 


There  can  be  no  doubt  that  the  symptoms  are  produced  by 
*  superficial  inflammation  of  the  nerve  in  the  orbit,  an  inflam- 
^UitioD  which  for  some  reason  or  other  has  a  greater  tendency 
^  affect,  and  probably  also  to  extend  deeper  into,  its  temporal 
portion.    Very  probably,  as  Nettleship  has  suggested,  tlie  difler- 
^iices  met  with  in  difterent  cases  are  to  some  extent  due  to  the 
distance  of  the  focus  of  inflammation  behind  the  eye.      This 
Supposition  would  not  only  account  for  the  differences  in  oph- 
thalmoscopic appearances,  but  also,  as  the  arrangement  of  tlie 
fibras  supplying  the  same  parts  of  the  retina  ditt'ers  at  difterent 
distances  along  the  course  of  the  trunk,  for  difl'erences  in  the 
symptoms  as  well 

In  the  treatrmnt  of  optic  neuritis  the  cause  has  in  the  first 
place  to  be  taken  into  consideration.  Some  cases  depending  on 
intracranial  tumour  have  been  relieved  by  the  removal  of  the 
tumour.  Much  progress  has  been  made  recently  in  this  depart- 
ment of  siirgery.  As  far  as  any  possible  efleet  of  sudi  treatment 
on  the  vision  goes,  it  would  have  of  course  to  l>e  undertaken 
before  the  inflammatory  changes  in  the  nerve  had  proceeded  too 
far.  Removal  of  the  fluid  from  the  sheath  of  the  optic  nerve 
was  recommended  by  Wecker  as  far  back  as  1872,  but  luis  not 
received  much  attention.  It  has  lately  been  taken  up  by  Carter, 
and  from  the  results  obtained  by  him  it  seems  i>ossible,  taking 
into  account  the  probable  pathology  of  the  neuritis,  that  an 
operation  for  this  purpose  may  prove  to  be  of  some  value  in  pre- 
venting complete  blindness.  Some  physicians,  whose  authority 
in  the  matter  must  be  acknowledged,  are  very  strongly  in  favour 
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of  ti'tiating  all  cases  of  i.iptic  neuritis  in  the  first  or  preiimaurotic 
stage  with  iodide  of  potassium. 


Atrophy  of  the  Optic  Nerve. 


Atrophy  of  tlie  optic  nerve  may  l)e  primarif,  that  is  to  sar, 
it  may  originate  in  the  nerve  itself,  or  it  may  l>e  acconditrif  lo 
changes  which  have  occurred  eitlier  in  the  retina  or  in  the 
central  nervous  system.  The  atrophy  may,  as  we  have  seen, 
follow  intlaniniation ;  it  is  then  usually  termed  post-neuritic  or 
post-papillitic  atrophy,  or  it  may  l)e  simply  due  to  degenerative 
processes  of  dlHVient  UiUures. 

The  ophthjiliiioseopic  a{ipearanGes  are — pallor  of  the  disc, 
often  accompanied  by  some  degree  of  excavation,  and  by  nar- 
rowing of  the  calibre  of  the  vcshcIs.  The  scleral  ring  is 
generally  more  than  usually  well  marked,  owing  no  doubt  to 
some  degree  of  shrivelling  or  coutractiou,  which  only  rarely 
gives  rise  to  any  distinct  diminution  in  the  size  of  the  disc. 
Tlie  loss  of  colour  in  the  disc,  which  first  l>econies  marked  as  a 
rule  to  its  outer  side,  is  due  partly  to  diminution  of  vascularity, 
and  j»artly  to  disappearance  of  the  nerve  tissue,  leaving  only 
the  white  connective  tissue,  often  increased  in  amount,  l»ehind. 
AMien  this  is  the  case,  there  is  produced  a  shallow  excavation 
known  as  an  atrophic  rjrttrafinn. 

From  the  mere  colour  of  the  disc,  without  taking  into 
consitlerittioii  the  si/.c  of  the  vessels  and  tlie  existence  of  au 
excavation  of  this  nature,  it  would  be  rash  to  conclude  that 
there  wiuh  atrophy,  unless  perhaps  the  light  reliected  from 
its  surface  had  not  only  lf»3t  all  tinge  of  yellow  or  pink,  but 
als<»  liecome  bluish  or  green  in  hue.  Considerable  variations 
take  place  with  respect  to  colour  within  pliysiological  liuiita ; 
a  very  anaemic  condition  of  the  disc  may,  too,  although  it  may 
hardly  be  nornml,  exist  witliout  any,  or  any  great,  functional 
disturlmnce,  and  yet  not  be  of  the  nature  of  atrophy.  Great 
pallor,  with  loss  of  transparency  of  the  disc,  due  to  con- 
solidation of  some  exudetl  matter,  is  found  in  cas&j  in  which 
a  neuritis  has  been  completely  recovered  from,  an<l  not  fol- 
lowed by  atrophy.  A  sinular  white  iutransparent  ap|>earance 
is  given  by  the  presence  of  mycline  in  the  nerve  fibres  of  the 
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»illa,  a  condition  occasionally  mot  with  in  the  henlthy  human 
sye,  and  one  which  is  the  rulo  in  some  aniniftls. 

Even  wiien  the  oplithalmoscopic  tippearauces,  pullor,  excava- 
[lion,  and  narrowing  of  tlie  vessels  leave  no  doubt  as  to  the 
toistence  of  an  atrophic  process,  it  is  impossible  to  say,  with 
,ttny  de^'rec  of  certainty,  from  a  consideration  of  Uie  picture  thus 
'resente<l  to  one,  whether  tlie  pnxiess  is  a  progressive  one  or 
not  Wieit  the  atrophy  is  evidently  post-neuritic,  the  clmncfs 
jof  \U  becoming?  arrested  at  some  stage  short  of  complete  blind- 
ness are  generally  greater  lliau  when  it  is  the  result  of  a  more 
distinctively  degenerative  cliunge.  Post-neuritic  atrophy  is 
^^^hftract^rised  by  more  or  less  indistinctness  and  wai»t  of  defini- 
[tion  of  tiie  margins  of  the  disc,  and  in  many  cases  by  wlute 
tlches  on  its  surface.  These  patches  stretcli  l»etween,  and 
ometimes  cover,  the  bifurcations  of  the  vessels,  and  extend 
JoDg  the  main  trunks  as  white  lines.  Tliis  condition  of  peri- 
^Hsculitis  is  often  not  confined  to  the  disc  alone,  but  extends 
fur  a  greater  or  less  distance  along  the  vessels  into  the  retina 

A  good  deal  more  light  is  often  thrown  on  the  question  as  to 
whether  in  any  given  case  tlie  atrophy  is  likely  t*»  be  progi-essive 
or  not — that  is  to  say,  is  likely  to  progress  to  sucli  an  extent 
as  eventually  to  destroy  vision — by  a  careful  examination  of 
the  subjective  symptoms  caused  by  the  degeneration.  Tliese 
symptoms  are — defects  in  the  central  vision,  restrictions  of  the 
tield  of  vision,  and  defects  in  the  colour  and  light  sense. 

In  all  ciises  where  the  atrophic  process  in  the  nerve  is 
primary,  or  due  to  some  interruption  at  any  part  of  its  course 
from  the  papilla  to  its  termination  in  the  brain,  and  not 
secondary  to  alterations  in  tlie  choroid  and  retina,  there  is  no 
interference  with  the  light  sense  in  the  way  of  appreciating 
small  degrees  of  illumination. — that  is  to  say.  there  is  not  tnte 
night  blindness.  On  the  other  hand,  the  power  of  distinguishing 
luitweeu  intensities  of  illumination  is  less  acute  than  nornml, 
often  indeed  very  markedly  so.  Such  a  defect  of  the  light-sense 
is  characteristic  of  any  affection  originating  in,  or  mainly  impli- 
cating, the  nerve  tissue  itself. 

The  n»ost  common  form  of  restriction  of  the  field  in  atrophy 
is  the  concentric.  Often,  however,  the  defect  in  one  direction 
may  be  much  greater  than  in  others,  and  when  tliis  is  the  c^ho 
it  not  infrequently  happens  that  a  g<x)d  deal  of  symmetry  in 
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.this  respect  is  to  be  found  in  both  eyes,  even  although  thi' 
atrophy  may  be  much  more  advanced  in  the  one  than  in  tb 
other. 

In  all  cases  of  progressive  atrophy,  the  restriction  whkfc 
is  taking  place  can  probably  be  most  easily  demonstrated  kr 
colours.  This  is  mainly  because,  if  the  examination  be  made 
in  ordinary  daylight,  the  corresponding  failure  of  the  sense  i. 
form  may,  if  slight,  more  readily  escape  detection.  If  the  tot 
be  made  by  BjeiTum's  method  with  very  small  objects  (see 
Chap.  I.)  the  restriction  for  form  can  always  be  demonstratei 
There  seems  every  reason  to  suppose  that  the  colour  defect  in 
progressive  atrophy  is  accounted  for  by  the  mechanism  for  the 
conveyance  along  the  nerve  of  physical  stimuli  destined  to  give 
rise  to  sensations  of  colour,  being  one  necessitating  a  higba 
order  of  differentiation  than  is  the  case  with  the  sense  of  fonn. 

Restrktion  of  the  field  ofviswrtj  wJien  tnorc  or  l^ss  coneentrit, 
ami  espedally  wJicn  the  coloitr  defect  is  proiwuncedj  is  ahcayi  tfTjj 
svgr/estive  of  progressio'iu 

l^sually  the  defect  of  central  vision  keeps  pace  with  tk 
gradual  narrowing  of  the  field,  so  that  when  there  is  much 
restriction    there  is  generally  at  the  Siime  time  considerable 
anildyopia.     In  some  cases  the  central  vision  reniauis  relatively 
very  good,  but  it  is  seldom  that  this  can  be  looked  upon  aa  a 
good  sign, — in  fact,  the  prognosis  mainly  depends  on  thestateof 
the  peripheral  vision.     In  the  same  way,  if  during  the  progress 
of  a  case  it  is  found  that  the  vision  gets  no  worse  for  some  time 
this  must  not  he  taken  as  a  good  sign,  unless  at  the  same  time 
the  state  of  the  field  remains  stationary  as  well.     Some  cases, 
particularly  wlieii  the  atrophy  results  from  neuritis,  progress  to 
a  certain  extent,  leading  to  both  restriction  of  the  field  of  visioa 
and  defective  central  vision,  and  then  become  arrested. 

In  all  cases  where  there  is  vierely  a  cerUral  scotoma  icUhout 
any  narrommj  of  the  field,  the  prognosis  is  good, — that  is  to  say* 
the  scotoma  may  become  absolute,  but  vision  is  not  likeK' 
eventually  to  be  lost  altogether,  notwithstanding  the  objective? 
appearances. 

^[either  from  the  ophthalmoscopic  changes  nor  from  any  iKJCuHari" 
ties  in  the  symptoms  does  it  seem  possible  to  diagnose  the  cause  of  the- 
fttropliy  without  takiuj^  into  consideration  other  circumstances.     An 
atrophy  due  t<»  spinal  disease  is  oft«n,  though  not  always,  complicated 
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Kfe  the  time  of  examination  by  ataxic  or  other  spinal  symptoms,  or  by 
abnormalities  in  connection  with  tlic  pupil,  loss  of  knee-jerk,  Ac; 
one  which  is  connected  with  cerebral  disease  is  frequently  followed, 
though  rarely   preceded,   by   mental  derangements.      Some   of  the 
pnmary  degenerative  changes  in  the  optic  nerve,  which  are  always 
bilateral,  are  local  expressions  of  the  same  conditions  which  give  xise 
to  tabes,  and  as  such  may  precede  the  other  symptoms.     They  are  not 
extensions,  but  independent  degenerations  of  probably  exactly  the 
aame  nature  as  those  which  Pierret  has  demonstratetl  fircquently  exist 
in  the  cutaneous  nerves.     Sometimes  the  degenenition  lx;gins  at  the 
central  terminations,  at  other  times  at  more  peripheral  parts  of  the 
optic  nerves.     Apart  from  what  has  ])een  shown  to  exist  anatomiciilly, 
Netlleship   considers    that   the    absence   of    prc-atrophic   amblyopia 
affords  strong  clinical  evidence  of   the  peripheral  and  entirely  iso- 
lated nature  of  the  degeneration,  which  in  cases  of  talx?s  leads  to  i>ro- 
IP««sive  atrophy.     In  other  cases  it  appears  to  be  altogether  uncon- 
nected with  any  similar  proci'ss  elsewhere,  or  are  at  all  events  not, 
*ven  after  tlie  lai>se  of  many  years,  followed  by  any  changes  in  the 
central  nervous  system,  even  although  they  may  perhaps  be  looked 
Upon  as  not  improbably  manifestations  of  the  same  disease. 

Unilateral  atrophies  are  generally  the  resiilt  of  some  j)roces8 

^^ginating  either  in  the  retina  or  the  orbit,  but  they  may  be 

caused  by  compression  within  the  cranium  either  of  the  nerve 

***■  the  vessels  supplying  it.     The  latter  cause  may  be  suspected 

'"'^en  there  is  marked  evidence  of  arterio-sclerosis  elsewhere. 

"'   the  bilateral  forms  of  cerel)ro-spinal  origin  some  idea  of 

^^    process  giving  rise  to   them  may  l>e  gatliered  from  the 

^ophthalmoscopic  appearances ;  thus  the  opaque-looking  atrophic 

*i*^eneration,  with  narrowing  of  the  vessels,  points  to  changes 

Plainly  involnng   the  connective   tissue    and    destroying   the 

Jierve  elements.     It  may  be  taken  as  a  general  rule — to  which, 

however,   there   are  exceptions  —  that   degenerative   jirocesses 

^J?inning  at  the  base  of  the  brain,  while  they  lead  to  j>allor, 

*re  not  associated  with  diminution  in  tlie  vessels  unless  the 

'Atrophic  process  has  at  any  time  been  complicated  by  a  j>apil- 

htis.    Processes  which  begin  in  the  papilla  itself,  and  involve 

^*^®  connective  tissue,  as  they  affect  that  portion  of  the  nerve 

"^  ^hich  the  central  vessels  are  situated,  do  cause  constriction 

tltese  vessels,  and  thus  gave  rise  to  a  different  ophthalmo- 

^^Pic  picture. 

^  large  proportion  of  cases  of  bilateral  atrophy  are  certainly 
^  to  the  same  causes  which  give  rise  to  degenerative  changes 
*'*ie  sensoiy  tracts  of  the  spinal  cord  and  brain.     What  this 
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proportion  is  cannot  well  be  ascertained.  Nettleship'a  sui 
give  fifty-eight  out  of  seventy-six  eases,  or  fully  seveiitj- 
per  cent.  Tliiii  is  possibly  nitlier  under  than  above  the  tm 
anioinit,  as  a  great  many  cases  are  not  seen  by  uplitlwlnaf 
surgeons  at  all,  but  are  recognised  by  tlie  physiciami  by  wks 
the  j)atieiits  are  treated  for  their  other  8}Tnptom&  Ini 
this  proportion  of  tlie  cases  refeiTed  to  is  only  that  ia  wh«k| 
some  undoubtetl  sij^ns  of  disease  of  the  central  nervoiu  f)isU 
existed:  in  ten  cases  more,  such  a  coDnection  was  more  (frl« 
prolwble;  this  would  raist:  the  percentage  to  about  uiDrtj, 
which  may  l>e  Uikeu  as  not  far  ott'  the  mark.  Uhthoff  hwiU 
given  statistics  of  one  hundred  cases  of  atrophy.  From  that 
however,  must  first  be  excluded  seventeen  depending  mllier'B 
neuritis  or  some  orbital  affection,  &c.  Of  the  eighty-lhw 
remaining,  sixty-nine,  or  elglity- three  per  cent,  wen?  oxi- 
nected  with  some  more  or  less  evident  spinal  or  cewLnl 
disea-su.  The  percentage  of  C4ises  of  labes  dorsalis,  in  vhick 
optic  atrophy  shows  itself  at  some  time  or  other,  is  estiiMtal 
at  from  fifteen  to  twenty  per  cent.  Atropliy  also  occuns  ni 
disseminated  insular  sclerosis  and  in  lateral  sclerosis,  tiut  & 
not  met  with  iu  titlections  of  the  nuclei  of  some  of  the  cruul 
nerves. 

The  ophtliahuoscupic  changes  characteristic  of  atrophy «» 
not  marked  where  it  is  due  to  disetise  at  one  visual  centre,  twl 
the  defect  in  vision  produced  is  of  the  liemianopic  type,  yet  it» 
known  that  degeneititiou  does  spread  downwards  in  such  awet 
Possibly  affections  of  both  hemiopic  centres,  or  of  other  visttl 
centres,  supposing  such   to  exist,  may  be  the  cause  of  wu* 
atmphies  which  extend  far  enough  to  become  visible  with  \^ 
ophthalmoscope.     It  seems  likely  tljat  when,  as  happens  iu  * 
certain   proporticm — proliably  ijuitf   ten   per  cent,  of  case*  ^ 
general  paralysis — there  is  optic  atrophy,  there  is  at  the 
time  some  spinal  degeneration.    Atrophy  in  disseminated  sclen<*^ 
is  most  frequently  accompanied  by  other  paralyses  of  cnvni* 
nerves,  c.y.,  of  tlie  sixth,  seventh,  »S:c. 

The  eye  symptoms  in  connection  with  spinal  lesions  ^ 
often  of  importance  from  a  diagnostic  point  of  view,  as  ahowi* 
the  eventually  slow  degenerative  miture  of  the  disease,  cv* 
when,  as  sometimes  happens  at  the  time  of  first  exuniinHit«^ 
the  symptoms  from  ttte  side  of  the  cord  are  acute.    Spina] 
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primary  optic  atrophy  is  a  great  deal  more  commou  in 
in  in  women. 

igether,  optic  atrophy  has  been  found  to  account  for 
le-fourth  of  all  cases  of  blindness.  As  one  pretty  fruit- 
ce  of  blindness,  viz.,  ophthalmia  neonatorum,  is  now  less 
wing  to  l>etter  prophylactic  measures  being  taken  than 
r,  the  percentage  of  cases  of  blindness  due  to  atrophy 
even  higher  than  this. 


CHAPTER    VII. 

DISEASES  OF  THE  IRIS  AND  CILIARY  BODY. 

The  Iris. — Notwithstanding  that  a  most  intimate  anatomicil 
connection  exists  between  the  different  parts  of  the  uveal  ti«i 
(the  iris,  choroid,  and  intervening  ciliary  body),  it  is  moreeoa- 
mon  to  6nd  inflammation  localised  either  throughout  its  whole 
course,  or,  for  some  time  at  all  events,  to  one  particular  portion 
of  that  tract,  than  to  meet  with  a  general  uveitis. 

This  is  greatly  owing  no  doubt  to  the  dififerences  whidi 
exist  in  the  source  from  which  the  blood  supply  for  the  varioa 
parts  is  immediately  drawn.  In  this  respect  the  iris  and  ciliwy 
body  are  more  intimately  connected  than  is  either  with  the 
choroid,  both  being  supplied  by  the  anterior  and  posterior  long 
ciliary  arteries.  The  choroid,  one  of  whose  functions  is  to  coo- 
vey  nutrition  to  the  other  parts  of  the  eye,  is  not  only  supplietl 
from  a  different  source,  viz.,  the  short  posterior  ciliary  arteries 
but  is  traversed  by  a  network  of  vessels  which  are  relatively 
richer  in  blood. 

The  choroid,  with  its  peculiar  vascular  supply,  is  most  sub- 
ject to  inflammation  occurring  in  variously  disposed  and  localised 
patches,  except  in  the  case  of  the  ha^morrhagic  and  suppurative 
forms  of  inflammation.  The  anterior  portion  of  tlie  uveal  tract 
shows,  on  tiie  other  hand,  a  greater  tendency  to  diffuse  in- 
tlammation.  The  iris  and  ciliary  body  are  frequently  inflamed 
at  the  same  time.  This  is  almost  invariably  the  case  when  the 
intlammation  is  first  set  up  in  the  ciliary  body.  AVheu  origi- 
nating in  the  iris  it  is  not  uncommonly  either  entirely  or  raainlf 
confined  to  it. 

Intlammation  of  the  iris — iritis — may,  from  a  clinical  poi»^ 
of  view,  be  looked  upon  iis  occurring  under  three  forms — (1-^ 
plastic  ;  (2.)  serous ;  (3.)  purulent.     This  classification,  accord- 
ing to  the  nature  of  the  secretion  from  the  iuHamed  tissues,  ^ 
justified  not  only  on  account  of  the  types  themselves  bei**t 
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tolerably  diittinct  t^rpes,  and  leading,  apart  from  complications. 
li<    '   "^  •  '        ''^  within  the  eve.  i»ut  hIso  on  iiwount  of  the 

iL:  _      i    ■         iishing   any  satisfactory  classilicatiou    baaed 

(•a  tbe  etiohtg)'  of  each  case.  It  is  of  course  uf  the  utmost  im- 
p*>rtttnco  U:»  consider  the  etiology  as  well,  yet  it  is  only  rarely 
that  thi-s  can  lie  niu<le  out  hy  an  examiualion  of  the  ocular 
<  bADj^es  filone^ 

IrilL«i  may  be  primary,  or  funnulary  to  some  jfeneral  ailec- 
lioii  or  dyscmsia.  The  most  imjX)itj»ut  forms,  considered  etio- 
logiodly.  and  pretty  much  in  the  order  of  frequency  in  which 
ihey  are  nsunlly  met  with,  are — (1.)  rheumatic,  (2.)  sypliilitic, 
(3.)  traomatic.  (4  )  i^ym pathetic,  {p.)  gouonhtcal,  and  (6.)  tuher- 
cttlar.  ihti> 

HYi'Eii.KMiA  ')!  THE  Iris. — Congestion  of  the  ve^els  in  the 
inn,  wltich  |.'ivos  rise  to  some  discoloration  c(f  the  iris  as  a 
vholc,  and  often  ut  the  same  time  to  more  or  less  contraction 
the  pupil  (myosis),  is  a  frcKiuent  accomi>animent  of  irritation 
iiitUnmiatiou  clsewht-re  in  ihe  eye.  It  is  met  with,  for 
ver)'  frequently  where  foreign  bodies,  lodged  in  the 
for  some  time,  have  prn^^uced  a  local  irritation.  It  is 
olao  seen  along  with  ditFercnt  forms  of  keratitis,  with  scleritis 
atid  iftHammation  of  the  deeper  c*Mit3  of  the  eye,  and  is,  of 
course,  abtu  one  of  the  first  changes  wliich  take  place  when  the 
bis  itaelf  becomes  cither  primarily  or  secondarily  iutiamed. 
Tlie  hy|jcnemia  gives  a  greenish  coloratiou  to  blue,  and  a  dirty 
reddish  appearance  to  dark  iritles. 

When  n»yi.>sis — wliat  hiis  been  by  Nettleship  very  appro- 
priately calle<i  can^estivf  myosis — exists  along  with  the  hyper- 
sHttia,  the  |jupU  should  tje  kept  dilated  with  atropine. 

Ijutis.  —  Intlammatiou  of  the  iris,  from  wiiatever  cause, 
|irMet)ta  certain  well-marked  symptoms.  When  acute,  tliei-e  is 
always  cousidcrablc  y/«»»  refttrivd  not  oidy  to  tlie  eye.  but  also, 
aad  in  nio«t  cases  indeed  principally,  to  the  surrounding  jwrts — 
faretMAil,  siden  of  tlie  nose,  &c.  Tiie  pain  is  usually  much  less 
.•*evere  in  the  djiytime — exacerbations  coming  on  at  nigl^t  and 
during  tlie  early  hours  of  the  morning.  In  the  serous  and 
chronic  forms  of  iriiis  there  is  genendly  very  little  j>ain.  some- 
timea  practically  none — not  sutticient,  in  fact,  to  direct  the 
padcnt'a  atUmUon  to  the  changes  taking  place. 

The  pain  of  iritis  ia  spontaneous,  and  accomi^anied  by  photo- 
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phobia  and  lachrymation.  It  is  often  increased  by  light  falliij 
into  the  eye,  and  also  by  attempts  at  reading  or  using  the  qw 
for  any  purpose  requiring  active  acconimodative  eifort— inshoi^ 
by  anything  which  produces,  or  tends  to  produce,  changes  in  tie 
shape  of  the  pupil,  and  thus  interferes  with  the  state  of  rest  d 
the  iris.  Temperature,  too,  is  not  without  influence.  Asanile^ 
the  pain  is  incretised  l)y  cold,  whereas  warmth  has  oftCD  i 
markedly  soothing  effect.  There  is,  however,  little  or  no  pM 
on  i)ressure  in  uncomplicated  cases,  unless  they  be  very  sevm; 
tenderness  to  pressure  indicates,  as  a  rule,  a  complication  witk 
inflammation  of  the  ciliary  Iwdy  (cyclitis).  The  course  of  u 
acute  iritis  is,  in  fact,  pretty  definitely  indicated  by  the  amoont 
of  pain.  As  tlie  inflammation  subsides  the  pain  becomes  lea 
severe,  while  greater  pain  at  any  time  almost  invariaWv  co- 
exists with  exacerbations  of  the  inflammation.  As  a  rule,  loo, 
the  more  acute  the  pain  the  more  severe  is  the  intiammatioo. 

Another  constant  symptom  of  iritis,  though  by  no  meaDS 
pathognomonic  of  it,  is  a   circumcoi^ieid  injection — that  is,  an 
injection  of  the  fine  network  of  deeper  vessels  which  inune- 
diately  surround  the  cornea.     These  vessels,  the  episcleral  or 
subconjunctival  vessels,  are   branches   of   the   anterior  cilian' 
arteries  and  veins.     They  form  a  network  around  the  corDfa.a 
quarter  of  an  inch  or  so  in  l)readth,  the  finest  meshes  of  whicli 
lie  nearest  to  tlie  cornea.     Acconling  to  the  severity  of  ibe 
iritis,  there  are  difl'erences  in  the  lireadth  of  the  ring  of  injection- 
Less  severe  cases  are  accompanied  by  injection  of  only  a  coni- 
paratively    narrow    band,    iv.,  only   the   vessels    immediately 
surrounding  llie  cornea  are  distinctly  visible  as  a  pinkish  zoufc 
With  increased   intensity  in  the  iritis  this  zone  widens  out. 
and  in  very  severe  cases  may  be  associated  w^ith  hypenvmia  L'i 
the  more  sui>erficial  vessels  of  the  ocular  conjunctiva  as  well,»>r 
e>en  in  the  most  acute  plastic  forms,  and  in  purulent  iritis. 
with  cliemosis.     Wlien  there  is  no  imtation  or  focus  of  inflam- 
mation in  the  cornea,  a  circumcorneal  injection  is  indicative  of 
a  deep-seated  inflannnation,  so  that  its  existence  in  such  case^* 
should  at  once  direct  attention  to  the  iris. 

The  breadth  and  intensity  of  the  circumcorneal  injection  is. 
just  as  the  amount  of  ])ain  suffered,  a  good  measure  of  the 
severity  of  the  iritis.  "With  ordinary  care  it  is  impossible  to 
mistake  it  for  conjunctival  hypera-mia,  but  the  possibility  of  the 
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iWp  Aud  sitpcrficial  injections  co-existing  should  be  home  in 
iud.  ixs  in  tlmt  case  tlie  iHReiviitial  ilia^nsis  presents  ratlier 
dirticiilty.  It  is  seldom  tliut  any  marked  degree  of  swelling 
or  rvdncss  of  the  eyelids  occurs  in  iritis,  except  in  the  purulent 
form  :  at  most,  there  i.s  nsnally  only  a  little  redness  contined  to 
die  uuu^in  of  the  upj)er  lid. 

A  third  symptom  is  ht/perctmia  of  th^  iris.  The  hypentmia 
is  often  most  distinctly  visible  in  the  region  of  the  sphincter 
piipUlw!,  i.r,,  in  tlie  zone  almost  immediately  surronntlinti;  tli*^ 
p«ipil.  where  some  of  the  branches  of  the  arteries  in  tlie  ii'is  form 
A  ring.  Sometimes,  commonly  enough  in  cases  of  trauinatie 
iritis  fvT  instance,  the  engorged  vessels  give  way  and  lead  to  an 
eflasioti  of  Moot]  into  the  anterior  chamU^r  (hyphiema).  The 
inflamed  iris  is  not  only  altered  in  colonr,  owing  to  h>'pera'mia, 
bill  the  glistening  appearance  which  its  surface  presents  in 
health  is  hist,  while  the  markings  on  it^  surface,  in  so  fai-  at  least 
these  can  be  seen  with  the  naked  eye,  are  more  or  less  effaceiL 
lis  mutidinnijf  of  the  irin  is  the  result  of  exudatii»n  into  the  sur- 
mnnding  a44iieous,  as  well  as  into  its  own  tissues,  and  is  there- 
f«»re  njore  or  less  coniplete  acconling  to  the  natun*  and  amount 
of  tlic  e.xudt»d  material.  The  parenchymatous  exudation  leads 
Uj  thickening  of  the  iris.     The  thickening  is  usually  not  very 

it,  and  tolerably  uniform  throughovit,  although  perhaps  most 
kfked  near  the  pupil.  Stjiuetimeji,  however,  it  fonus  promi- 
wmt  masses  pntjecting  more  or  less  inlo  the  anterior  chamWr, 
and  single  or  multiple.  Such  maiisea  are  mostly  either  tuber- 
calar  or  syphilitic  in  their  nature, 

The  exudation,  which  does  not  infiltrate  the  tissues  of  the 
iris  tiseir  piaHse^  into  the  pisierior  and  anterior  aqueous  chamljcrs, 
and  lemJs  to  attachments,  more  or  less  complete  and  firm,  between 
the  posterior  surface  of  the  pupillary  margin  and  the  anterior 
ca|isiile  of  the  lens.  These  attacluneats,  or  posUrior  symrhia:  as 
they  are  cAlIed,  form  one  of  the  chief  and  most  serious  compli- 
ruitions  of  iritis.  They  interfere  with  the  mobility  of  the  pupil. 
and  render  the  result  of  subseiiuent  attacks  umeh  more  doubt- 
fol  than  they  might  be.  a^  not  only  do  fresh  syncchite  then 
ftimi,  which  might  otherwise  \yc  prevented,  btit  the  pupil  may 
lie  mt»Te  or  leas  ociliided  by  cxndatitm  jwissing  from  one  side  to 
the  other.  Tbe  synechhe  which  form  in  an  ordinary  ca^e  of 
iiiUtf,  where  the  inflammation  has  not  been  prolonged  and  severe 
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or  the  exudation  excessively  plastic,  are  geuerally  punctifonn. 
Tliat  is  to  say,  there  is  not,  as  a  rule,  from  one  attack,  iiml  more 
espociully  if  proper  treatment  has  been  adopted  at  an  early 
stage,  a  continuous  attachment  of  the  pupillary  border  to  the 
lens  cjipsule  ;  only  Isolated  attachments  here  and  there.  These, 
too  are  often  most  numerous  at  the  lower  part  of  the  pupil,  05 
the  exudation  which  gives  rise  to  them  gravitates  to  the  raost 
dependent  portion  of  the  area  over  which  the  hack  of  the  iris  i& 
in  conUict  witli  the  lens  capsule,  ami  thivS  ia  raost  often  the 
lower  part  of  the  pupil.  They  are  apt  to  form  durinj^  the  night, 
partly  on  jiccouut  of  the  exudations  which  then  take  place,  and 
partly,  no  doultt,  owing  to  the  iris  then  being  more  constantly 


Fig.  68. —  Irregular  pupil  uwiu>{  tu  syneohue,  from  %  case  ol  iritis 
under  atropine. 

at  rest  than  during  the  day.  The  tacking  down  of  the  iris  is 
not  noticeable,  as  a  rule,  unless  an  attempt  is  made  to  ililat«  the 
pupil,  when,  instead  of  being  rouml.  it  assumes  an  irregular 
ahape^  due  to  irregularity  in  the  dilatation  which  residts  fron» 
adhesions  in  some  situations  and  not  in  others.  Some  days 
elapse  l»efore  the  synechiic  become  so  firm  as  to  resist  any 
ordinary  eHort,  such  as  may  Iw  made  l>y  u  mydriatic,  that  is,  a 
substance  whicli  has  the  power  of  causing  dilatation  of  the  pupil. 
Fresh  attJichmentH  yield  in  this  way,  usually  leading  beliiud 
them  some  pigment  from  tlie  back  of  the  iris,  so  that  it  is  not 
an  uncommon  thing  to  see,  in  an  eye  iu  which  there  has  pre- 
viously been  iritis,  a  number  of  pigment  spots  on  fche  surface 
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indicating  the  positions  of  the  former  attach- 


In  •cvere  cases  of  iritis,  or  in  cases  wliere  pix)per  treatment 
bwn  neglected  at  the  tirst,  and  in  which  thei-e  have'  been 
or  leas  fn^juent  rerurrences  nf  iiiflnnniiation  at  ditterent 
a  complete  a^iutinatitm  iH^tvveea  llie  iris  and  capsule 
tako.H  place.  Sometimes  this  may  be  so  complete  as  to  abolish 
ItugvLber  the  sluice  through  which  the  ar|ueous  humuur  which 
secreted  from  ihe  walls  <»f  the  posterior  cliaml>er  Hntls  its 
way  inl<j  llie  anterior  chamber.  This  is  called  erchmon  of  the 
ipil  In  the  very  worst  cases,  always  complicated  with  cyclitis, 
the  exmlation  is  extremely  pla.stic  and  cojnous,  and  leads  not 
only  to  agglutination  of  the  pupillary  margin.  Imt  to  an  at- 
tacbiueut  of  thtf  liack  of  the  iris  to  the  lens  capsule,  and  to  a 
rnMrticiil  obliteration  of  the  posterior  aqueous  cimmlier.  The 
complications  which  arise  from  these  conditions  are  afterwards 

The  exudation  which  passes  into  the  anterior  chamber  causes 

in  oiauy  cases  a  mere  cloudiness  and  dist^oloratiou  of  the  aqueous 

hnmnur.  more  or  less  marked  according  to  the  amount  existing 

at  the  lime  of  uxaminaiiun.  and  *reuerally  denser  at  the  most 

|de|>endent  part  of  the  ehamtier.     In  the  so-called  serous  iritis 

depfjsits  of  IjTiiph  take  place  on  the  walls  of  the  anterior 

iber. 

Tn  some  cnses  of  plastic  iritis  a  spongy-looking,  fibrinous 

may  be  seen  lying  in  the  onterior  chamber.     This,  too, 

ionally  consolidates  into  what  bears  a  very  striking  resem- 

ice  to  a  dislocated  clear  lens  in  this  position.      So  close, 

tdeed,  is  the  resemblance,  that  if  tlie  case  is  then  seen  for  the 

irsi  time,  the  diagnosis  may  l»e  by  no  means  easy.    In  purulent 

iti8  lJ>e  pus  secreted  from  the  inflamed  tissues  collects  in  the 

•ior  duuuber.  where  it  falls  to  the  most  dependent  part  as 


Tim  hypenemia  nf  the  iris,  as  well  as  the  sjTiechia*,  give  rise 
ttt  anotbiT  symptom  of  iritis,  xiz.,  a  slwjt/ijihjtf^'i  in  the  movr^ 
mruU  of  the  pKpii,  so  that  if  the  eyes  l»e  alternately  covered  with 
t  i  or  lids  and  expiised  t^>  the  ligiit,  the  dilatation  and 

t  ;,..,.. uon  which  shoidd  then  lake  place  are  much  less  marked 
tan  nnder  the  normid  conditions.      This  symptom  atff>rds  a 
of  ntpidly  ascertaining  whether,  when   there  is  great 
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injection  of  the  conjunctiva,  it  is  due  to  conjunctivitis  alone, 
or  coiijuiiotivitis  coinplicatcfl  with  iritis,  Tliis  simple  le4*l 
should  always  be  made  if  the  other  signs  of  iritis  are  not 
present. 

In  uneoniplicaled  iritis  tlie  vision  sufters  at  first  only  in  .so 
far  aci  c«n  he  accounted  for  by  tlie  amount  of  obscuration  in  the 
pupil  and  aqueous  humour  in  front  of  it  There  is  therefore  in 
such  cases  frequently  no  gi'eat  (iimmndon  of  i^isnol  ftcnifi/.  In 
cases  where  there  is,  the  pupil  is  to  a  great  extent  occlude«l  by 
lymjili,  or  tlie  iritis  is  complicated  with  choixiiditis.  or  %vith 
cyclitis,  along  with  effusion  into  the  vitreous.  Before  referring 
any  visual  defect  found  on  examination  to  the  inllamiualory 
changes  in  the  eye,  it  is  well  to  test  whether  vision  is  not 
improved  with  any  glass.  Owing  to  the  intlammation  a  pre- 
viously latent  <legree  of  hyjjennetropia  may  become  manifest, 
or,  on  the  other  hand,  there  may  he  an  abnormal  degiee  of 
spasm  of  the  ciliary  muscle  from  imtatinn,  giving  rise  to 
luyopia.  It  occasionally  happens,  too.  that  the  lens  is  some- 
what pushed  forward,  so  as  to  give  rise  to  a  slight  degree  of 
myopia. 

Some  injcrease  in  iniraoeulnr  lension  probably  always  takirs 
place  in  iritis.  When  there  is  iiot  a  very  copious  exudation  it 
is  often,  however,  impossible  to  detect  the  int^rwise ;  in  other 
cases,  especiiilly  in  serous  iritis,  it  may  be  very  marked  indeed. 
At  later  sUiges  of  the  disease,  after  the  supervention  of  secondary 
changes,  it  is  very  common  to  tind  first  an  increase,  and  mili- 
sequently  a  diminution  of  the  tension  within  the  eye. 

Very  great  differences  are  met  with  in  the  durfttutn  uf  itii 
attack  of  iritis,  as  many  cases,  even  such  its  eventually  lead  to 
the  very  worst  consequences,  as  far  as  the  functions  of  the  eye 
are  concerned,  run  a  chronic  and  more  or  less  painless  course 
from  the  beginning.  In  some  more  acut^j  cases,  again,  rela[ises 
may  take  place,  and  thus  the  intlammation  be  protracted  beyond 
its  natural  duration.  Very  much,  indeed,  depends  on  the  treat- 
ment adopted  from  the  first.  Most  acute  cases,  if  projierly 
treated,  last  from  three  to  six  weeks,  the  duration  being  more 
frequently  nearer  the  lower  limit  than  the  higher. 

In  se^me  cases,  where  the  iritis  exists  along  with  some  oUier 
affection,  as  for  instimce  some  cases  of  gonorrhcpal  iritis,  in 
which    there   are   mostly  manifestations  of  gononhceal  rheu- 
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tlifflu  at  the  SiUiie  tiiiic.  there  is  a  tendency  to  the  rvcurreiKe 
thv  iritis  every  time  thnl  the  »yriiptoms  with  whieli  it  has 
lirrinously  lieeu  associated  nmke  their  ajtiJeai-uiKv.  But  there 
ia  *n  important  class  of  citses  in  which  the  recurrence  tiikes 
Iilan;  from  time  to  time  without  there  being  nny  very  marked 
OAfwciation  with  other  affections.  Such  cases  have  received 
\v  rwiiie  of  reairrent  iritis.  Sometimes  the  recurrence  takes 
at  regular  ititer\*uls,  most  fret^uently  at  (»r  about  the  same 
I,  year  after  year.  More  commonly  there  is  no  sucli 
nynlarity  exhibited  h\  the  periods  of  recurrence. 

It  has  long  bepn  a  di.spntwi  point  aa  t-o  Iiow  fnr  the  pi-escncc  of 

jjivM  - !'-»-  \tttds  to  rocurrpfit  attacks  of  iuflamiuation  of  the  iris.     Some 

for  iu9t;inL'o,   that  the    dni}i;ging   on   the   iris,    which   tho 

'^ioii  wht'U   tho.  jiiipil  reAp<imU  activt'ly  to  changes  in 

li^^Ut,  is  the  main,  if  not  thu  only  cau^'  of  such  rccur- 

1  >tln  i>  tiffiitx  di'iiy  nny  iniiuenot'  (it  all  from  the  Bide  uf  tho 

hut*.      Mnny  oves  in  whirh  synnhite  nru  jirebcut  ate  not  subject 

Tis,  while  on  the  otJier  liiuul  rffUiTont  attacks  arc  met 

>v\n'Tv  iiiov^  are  no  «ynocIiia'.     It  hiis  U'cn  oljsorved, 

ttuit  whiftii  any  aj^iciation  with  other  rhemnatic  aHV-otions — for 

is  liittinly  if  not  t-tilirely  in  the  rht-nniatu:  fi>nu  of  iritis  that  recui^ 

r*-mc   takrfl   place — is  foimd   to  exist,   the  re|M'atiil  attiKiks  are  eou- 

r...  ^«.t  :!M»rt'  or  h*ss  intiinat^rly  with  other  nmnifo^tJitious  of  the  same 

•rial  Wivikncsfl.     It  seems  ]>robable.  therefore,  that  reeiirix'nt 

■*ii.-   I-  -^  n  nde,  at  all  eveiil#.  not  due  primarily  to  lljc  stynerhift, 

till  Ui«  prtitience  of  the  aynechiur,  by  interfering  with   tht«  pr^ipur 

^liUutiun  uf  tlte  pupil,  tends  to  jirolong  thu  uttuckst. 


When,  inst4>ad  of  isolated  or  discontinuous  attachments,  an 
mtilar  adhesiou  hii£  taken  place,  so  that  the  pupil  is  com- 
leUdy  bbx-ketl,  further  ehunges  usually  soon  begin  iu  the  eye, 
ing  to  the  rtuid  secreted  from  tlie  posterior  chamber  not 
able  to  Knd  its  way  int-o  the  anterior  chamlter,  and  thus 
from  the  eye.  The  iris  is  then  bul^d  forwanl.  so  that 
th«:  aulerior  chaml^r  is  shallowed,  except  in  that  portion 
comesponding  to  the  pupil,  i>„  at  its  centre.  The  api»eiU'ance 
presienled  hy  tliia  condition  is  well  calletl  by  Fi-ench  writers 
•*iri*  l»oiiibe."  The  \iiiion  then  no  longer  eorresj)on*is  to  the 
opacities  ill  or  in  front  of  the  pupil,  but  is  diminished  by  changes 
in  lh<*  vitreous  or  choroi<i,or  more  frcijinntly  by  those  which 
t  iipNJuying  iucre^ised  intra^x-ular  tension  gives  rise  to. 

K-.  i< I w.Uy  complete  blindness  from  debichnient  of  the  retina, 
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or  seconrlary  glaucoma,  is  the  result  in  such  cases,  if  oj 
interference  has  not  been  made  in  good  time. 

Iritis  is  most  common  during  the  first  three  decades  of 
and  perliaps  least  common  in  infancy  or  early  cirddli(»<)tl 
occurs,  lis  Huldiinsou  MUiougst  otiiers  has  pointefl  out.  n*  • 
rare  manifestation  of  inherited  syphilis  in  very  young  cliiiiri 
mostly  before  the  end  of  tlie  tirat  year ;  sometimes,  iiv'-^i. 
during  iutra-uterine  life,  and  at  a  Liter  stage  wheu  a^^uipl 
with  interstitial  keratitis.  In  older  children  the  senms  fam 
is  pnu'lirully  the  only  one  met  with,  if  we  exclude  tramiiaii'' 
and  sympatlietic  iritis  and  tlie  rare  tubercular  inllaiuumtii'iT'* 
tlie  iris. 

The  trmiment  of  iritis  should  vary  to  some  extent  acrM  i; 
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to  the  cause  of  the  intiammation.  and  may  therefore  be  cfin 
sidered  under  the  headings  of  sjiecial  au<l  general  treatment 
The  special  treatment,  applicalile  to  the  diflerent  forms  of  iritis^ 
is  refeired  to  in  tlie  conuec.tiun  witli  the  disciiasiou  uf  eitfli 
form.  The  general  treatment,  applicable  to  all  cases,  may^ 
divided  into  that  to  be  adopted  at  the  time  of  the  intlomiua- 
tion,  and  that  whieli  is  necessary  in  order  to  avert  the  couse- 
(|uencefi  of  the  coaiplicalions  to  which  it  gives  rise.  ^Vhftt 
should  be  aimed  at,  at  the  time  of  the  inHammation.  is  lo  J*^  J 
tiie  eye  as  far  as  possible  at  rest,  to  prevent  the  formation  •« 
synechiie,  and  alleviate  the  pain. 

The  patient  should  wear  either  darkened  glasses — tl»e  \^^ 
kind  being  what  are  called  *'  London  smoke"  glasses — or  havo— 
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h  eyes  well  L^ovured  by  a  Hhade.  The  ahnde  slioultl  come 
mt\\  down  over  th«^  eyes  at  ihe  eide^  as  well  as  in  the  front, 
and  while  IhonHishly  keeping  the  light  awny,  should  he  not 
heavy.  One  of  the  best  materials  for  such  a  shade  is 
inarj"  brown  iiajx^r.  It  is  not  net'essary  in  most  cases,  if 
is  jiivcnution  Iw  takyn,  to  keep  the  patient  in  a  darkened 
He  should  not,  however,  l>e  in  a  very  strongly  illumi- 
ouo.  All  attempt*  at  readinj;  or  writing  must  l>e  stopiwd. 
Owiiy*  to  the  association  whicli  exists  between  the  impulses 
to  pupiHar\'  and  accommodative  movements  in  the  tw<i  eyes,  it 
ift  impossible  to  comply  properly  with  the  indication  for  rest, 
eas  both  eyas  be  kept  from  sudden  and  constant  changes 
il'  '"n.  or  from  efforts  at  accommodation:   lience  it 

<dcM^  :.  .:...ce  tt»  shade  one  eye  alone,  or  to  allow  tlie  patient 
to  read  with  the  sound  one  while  the  other  is  bandage<l,  as  is 
ten  done.  An  attempt  must  Ixt  ma(U^  to  get  tlie  pupil 
loroojjhly  dilated  with  atropine,  and  tliis  dilatation  shoidd 
lie  kept  up  as  long  as  any  circnmcorneal  injection  lasts.  Care 
iild  U>  Uiken  in  applying  the  atropine  dro])s  that  tliey  really 
t  into  tjie  eye,  and  are  not  waslied  away  by  the  copious  How  of 
met  with  in  most  cases.  When  atropine  is  not  tolerated, 
ilubotain  or  ilaturin  may  l>e  sul}stituted. 

If  the  case  has  tirst  come  under  observation  when  the 
echiie  have  l)egun  to  form,  continued  use  of  atropine  may 
J  to  their  rupture,  and  a  good  dilatation  may  be  got  even 
ler  neveral  ilays. 
In  most  ciises,  at  all  events,  the  unattacheil  portion  of  the 
ddiites,  and  further  miscliief  is  to  a  gi*eat  extent  obvi- 
Where,  liowevor.  there  are  not  only  dense  but  numer- 
mi8  attachments  already  formed,  and  a  few  days'  use  of 
i'- ■  ■  makes  little  or  no  inipre.Hsiou  ou  the  pupil,  it  is  often 
ti  >••  not  to  go  ou  SCI  freely  with  the  atropine,  as  tlie  drag- 

ging tlius  produced  rather  tends  to  keep  up  than  to  allay  the 
i'  ^  I      Tiie  i>ain  is  best  relievetl  by  the  frequent  use  of 

h  itions.     I^eeching.  either   with  the  artihciid  leech 

(Henrt<*lou]i),  or  with  natural  leeches  (three  or  four   to  the 
f         '  ■times  has  a  gfwid  elTect  on  the  pnin.  thougli  it  has 

1.  :.'LA  on  the  coui-se  of  the  intUinimation.     In  many 

opiatcj}  give  very  decided  anil  prolongetl  relief.     Cocaine 
ly  three  or  four  times  a  day.  or  oftener,  may  lie  trieil  in 
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some  of  the  chronic  forms,  when  atropine,  on  account  of  tb 
abundant  synechife,  is  contra-indicated.  It  appears  so] 
to  check  the  inflammation,  though  why  this  should  be 
is  ditlicult  to  understand.  Patients  with  iritis  should,  u  i 
rule,  have  tlie  temperature  of  their  rooms  kept  as  eqnaUe 
as  possible,  as  they  are  often  liable  to  relapses  from  exposan 
to  cold. 

Tlie  treatment  sometimes  required  for  cases  of  old  iritis  ii 
iridectomy.     This  operation  is  called  for  in  two  different  cImw 
of  cascvS.    In  the  first  place,  to  improve  vision  where  the  pnpfl  ii 
small,  and  to  a  great  extent  occluded,  though  the  condition  biB 
not  led  to  serious  nutritive  changes :  and  in  the  second  place, wiA 
the  object  as  well  of  preventing  the  complete  destruction  of  viawB 
which  either  the  existing  condition  or  the  danger  of  recunence 
of  the  inflammation   has  threatened.     Iridectomy,  when  per- 
formed for  iritis,  should  as  nmch  as  possible  be  done  at  a  time 
when  all  symptoms  of  inflammation  have  subsided,  and  the 
portion  of  iris  excised  should  be  large,  so  that  in  the  event  of  a 
subsequent  attack  taking  place,  the  colobomoy  or  artificial  popil* 
may  be  less  likely  to  close  up.    At  the  same  time,  a  large  iridec- 
tomy gives  the  best  chance  for  the  re-establishment  of  the  normal 
flow  of  acjueous  fluid  from  the  site  of  its  secretion  to  that  by 
which  it  leaves  the  eye,  the  interruption  in  which  process  may 
have,  as  already   exjdained,  sucli   serious   consequences.   In- 
dectoinv  is  uryjentlv  called  for,  and  often  followed  bv  the  most 
brilliiint  results,  while  tlie  condition  known  as  "irisbomWis 
present,  and  the   intraocular  tension  incrciised.     The  eflect  of 
iriileetoniy  in  this  condition  was  one  of  the  greatest  of  the  many 
discoveries  wliich  ophthalmic  surgery  o\Ne3  to  von  Graefe,  and 
one  which  in  great  measure  led  him  to  adopt  the  same  treat- 
ment so  successfully  in  glaucoma.     Even  in  cases  where  the 
tensi(ni  is  below  normal,   if   there  be   not  already  blindness, 
iridectomy  may  prove  of  service.     In  recurrent  iritis,  t«o,  an 
iridct'tomy  perfornKnl  at  a  time  wlien  the  inflammation  has 
subsided,  often,  tliough  certainly  by  no  means  invariably,  pre- 
vents the  recurrence  or  lessens  the  frequency  and  severity  of 
subsequent  attacks. 

Other  operations  which  are  pei'formed  for  old  iritis,  such  as 
attempts  at  separating  the  synechia',  and  sclerotomy,  are  either 
less  safe  or  less  efticient  than  iridectomy,  and  on  that  account 
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not  to  bv  recomniendwl.  In  the  worst  coses,  where  the  iris  has 
become  fria!)lt*  or  'MotUni/'  ami  more  or  less  atmphie<l  from 
refieuUil  iiilhiniinutioii,  and  wliore  the  HltiU'hnieiits  to  the 
tapciule  are  very  extensive  owing  to  the  association  with  cyclitis. 
it  \b  sotuirtinies  possihle  to  improve  vision  and  prevent  further 
ilestniction  taking  place  hy  removing  the  lens.  An  operation 
of  \\m  DHturc  is  ujost  freijueutly  called  for  in  eases  of  severe 
»yiDpiulietic  iritis. 

When  iritis  is  not  set  up  by  injury,  the  two  most  common 
rauM?»  ftre  rhennmtisni  ond  s\^>!iilis.  It  is  difficult  to  determine 
in  what  proportion  these  two  predisposing  causes  are  account- 
'»lile  fnr  tho  C4i>»es  met  with,  as  not  only  is  there  prohahly  a  verj' 
considerable  difterence  in  this  proportion  in  diHerent  jilaces.  but 
it  is  by  no  means  ea^y  always  to  exclude  the  possibility  of  a 
eji*])hilitit:  nri^nn  in  any  particular  case.  We  may  say  with 
t«dt*rable  eertainly.  however,  tliat  syphilis  is  seldom  responsible 
fn"  less  limn  ten  per  cent,  or  more  than  fifty  per  cent,  of  all  the 
<!»«t-i.  ^i  that  on  the  whole  the  rheumatic  form  is  decidedly  the 
tnofft  ronunon. 

KHKi'MATlt'  Ikitis. — Tliis  form  of  iritis  occurs  must  fre- 
qa«Dtly  during  the  pnme  of  life,  between  the  ages  of  twenty 
and  fifty.  There  is  often  a  <listinct  history  of  former  rlieumatic 
affrcltons  elsewhere,  or  there  may  be  other  parts  affected  with 
rheuutdtie  inllammatton  at  the  same  time.  At  other  times 
llufre  ia  no  other  rheumatic  manifestation,  nnd  yet  a  great 
tendency  »hown  to  iiitis  from  exposure  to  cold.  Most  fre- 
quently only  one  eye  is  affected,  but  bath  may  be,  either  at 
the  same  lime  or  within  a  short  interval.  The  inHammation 
occurs  with  very  vjiryinR  degrees  of  severity,  and  the  pn)g- 
nosM,  even  in  the  most  severe  cases,  is  favoui*able  if  proper 
trOAtment  1h»  adopted  from  the  first,  U^forR  extensive  syneehiw 
bii%'t*  formed  or  cyclitis  has  become  developed. 

The/rm/wrw/  consists  in  avoiding  changes  of  tempernture  or 
1ij;hl  and  the  use  of  the  eyes,  also  in  keeping  u]»  the  dilatation  of 
the  pupil — in  attention,  in  fact,  to  the  gencnd  line  of  treatment 
fur  iritis.  Besides  this,  great  l»enefit  is  usually  got  fi^m  the  use 
of  Nilicin  or  salicylate  of  soda.  Perhaps  the  Ite.sL  way  of  using 
aaiictn  is  fur  the  iiatient  ^>  U*giti  taking  seven  to  eight  grains  every 
hoar,  remaining  in  lied  all  the  time,  and  afterwards  to  take  from 
ten  to  fifteen  grains  thrice  daily  for  some  time.     In  this  war  it 
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is  sometimes  possible  to  cut  short  the  attacks,  and  in  almost  d] 
cases  the  pain  is  lessened.  In  obstinate  recurrent  cases  it  i 
well  to  avoid  too  much  care  in  preventing  draughts,  &c.,«lil'^ 
susceptibility  of  the  patient  may  thereby  be  considerably  B-^ 
creased.  It  is  better  to  make  some  systematic  attempts  at  li 
gradual  hardening,  and  allow  more  and  more  exposure  to  tk 
conditions  which  appear  to  bring  about  the  attacks.  At  de 
same  time  two  or  three  visits  to  Wiesbaden  often  do  gooi 
The  baths,  not  the  waters,  are  recommended  by  Pagenstecbo, 
and  these  should  not  be  begun  until  a  few  weeks  at  any  nte 
have  elapsed  since  the  last  attack  of  inflammation,  lu  the 
distinctly  rheumatic,  other  baths,  such  as  Harrogate,  Droitwich, 
Nauheim,  Wild  bad,  Acqui,  &c.,  may  be  recommended. 

GoNORRHCEAL  Iritis. — Closely  allied  to  rheumatic  iritis  is 
the  rare  form  which  is  undoubtedly  associated  with  gonorrhcpa. 
The  inflammation  is  always  severe,  and  the  cause,  owing  to 
co-existing  inflammatory  changes  in  the  joints  is  apt  to  be 
overlooked.  Gonorrhoeal  iritis  always  seems  to  occur  in  both 
eyes,  though  not  always  quite  simultaneously,  and  with,  it  may 
be,  different  degrees  of  severity  in  the  two  eyea  Successive 
attacks  of  gonorrhoea  are  sometimes  accompanied  each  time  by 
iritis,  and  in  other  cases,  although  no  fresh  inoculation  takes 
place,  a  return  of  the  joint  affections  may  be  accompanied  by 
ii  recurrence  of  the  iritis  as  well. 

The  local  treatment  is  tlie  same  as  for  other  forms  of  iritis. 
Iodide  of  potassium  in  large  doses  seems  to  be  the  l>est  general 
treatment  at  first,  followed,  as  the  inflammation  subsides,  by 
ijuinine  and  iron. 

SYriiiLiTu;  Iritis. — Iritis  occurs  as  a  secondary  manifesta- 
tion of  acquired  syphilis,  and  also  in  inherited  syphilis.  Thoujrh 
syphilitic  iritis  is  very  commonly  met  with  in  eye  hospitals, 
it  is  l»y  no  means  a  common  secoi»dary  symptom.  The  statistics 
of  syphilologists  dillbr  widely  in  respect  to  its  frequency — fmm 
one  per  cent.  (Siegmund)  to  five  per  cent.  (Bock).  Hebra  and 
Fournier  each  found  three  to  four  per  cent.  Iritis  is  for  the 
most  part  a  late  secondary  manifestation,  making  its  appearance 
as  the  others  are  fading  away,  or  after  they  have  altogether 
disappeared.  Sometimes,  however,  it  runs  its  course  contem- 
poraneously with  other  secondary  symptoms,  and  may  even  l»e 
the  first  to  appear. 
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The  hereditary  cases  of  iritis  mostly  occur  at  alK)ut  the  time 

Jmberty,  and  iu  association  with  int<;rstitial  keratitis.     Some 

J^'SV  cases  are  met  witli  in  early  infancy,  or  still  more  rarely 

inlni-t»leriue  life. 

It  is  AS  a  rule  dillicult.  or  ini(x)ssible,  to  detect  from  the 

**>eiv  inspection  of   the  eye  alone   when  the  iritis  is  due  to 

*yi*hilis.     One  has  therefore  generally  to  be  guided  by  the  pres- 

*^ce  or  absence  of  other  secondary  symptoms  in  arriving  at 

^    diaj^osis.  or  by  the  history  in  castas  where  the  iritis  exists 

^oue.     It  should  be  remembered,  too,  that  it  does  not  by  any 

teeons  follow  that  iritis  occurring  in  an  individual  who  has  at 
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one  time  contracted  syphilis  is  essentially  specific  in  its  nature 
idthough  the  presumiitiiiu  is  in  favour  of  such  being  the  case. 

In  some  ciusca  (about  two  per  cent,  of  all,  according  to  the 
average  of  statistics  by  a  number  of  obsen'ers)  the  iniiammatory 
changes  in  the  iris,  whicli  are  usually  of  a  pliistic  natun*.,  I»ejir 
strong  evidence  of  tlieir  syphilitic  origin.  Thus  the  ilevclop- 
nient  of  more  or  less  prominent  yellowish  vascularised  nodules 
iu  the  iris,  or  of  localised  tumefactions  of  the  iria  tissue,  a  con- 
ililiou  known  as  ffumm/UcfUs  intiit — (aee  Fig.  70) — is  almost 
invariably  due  to  syphilis.  The  gummata  grow  slowly,  oft«n 
fiiusing  very  little  pain  or  other  evidence  of  intlnmmation.  until 
thiry  have  attained  some  size.  Their  vascularity  increases  its 
they  grow,  so  that  while  at  first  they  appear  as  yellowish  spots, 
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they  later  on  clmnge  their  colour  to  h  dirty  brown.  It  is  this 
altenition  in  coluur  which  in  doubtful  cases  niniuly  distinguishes 
them  fmni  tubercles.  The  latter,  to*>,  are  a-s  a  rule  nioi-e  numer- 
ous, and  mostly  spring  from  the  peripheral  jwrt  of  the  wis  in 
the  region  of  the  angle  of  the  anterior  chandier,  wheretis  the 
gunimata  show  u  greater  preference  to  develoj)  in  the  paren- 
chyma sun*ounding  tlie  pupil.  Tlje  gummata  niny  undergo 
fatty  degeneration  and  become  al>sorI*d,  leaving  no  trace,  or 
only  a  slightly  depressed  atrophic  sjKit  at  the  sites  where  they 
existed.  In  other  cases  they  increase  in  size,  growing  into  the 
anterior  chamlier,  and  lead,  with  or  without  perforation  of  the 
cornea,  to  shrinking  of  the  eye, — phshiais  hvlhL  The  latter 
result  is  more  uneniiniion  than  the  former,  and  most  likely  to 
occur  wliere  the  gumuuitu  originate  in  the  periplieral  jiortions 
of  the  iris,  when  they  are  frequently  associated  with  the 
fiinnjitioii  of  winiilar  nndules  in  tlie  ciliary  l)udy. 

(iuuiniatous  iritis  does  not,  as  the  name  might  imply,  belong 
as  a  rule  to  the  tertiary  period  of  sypliilis,  but  to  the  secondary, 
altlKingb  on  the  whole  appearing  rather  later  than  the  more 
cminnon  form. 

Syphilitic  iritis  may  oc^ur  in  one  or  both  eyes.  No  cause 
can,  Hf>  a  rule,  be  given  for  its  occurrence — there  has  been  no 
trauma,  no  exposure  to  cold,  &c. 

While  the  invnriahly  biltit4.*rfil  character  nf  gonorrhowil  iritis 
K'ctiiH  to  admit  of  tho  supposition  thnt  the  inflanuufttioti  is  set  wy 
tlir»>ugh  ihi'  utjeiu^y  of  soiiu*  initant  produrt  which  is  eoiitaincd  in  the 
blood  itst'lf,  the  cnniuM'tion  Ijotween  the  idtfttid  state  of  the  blood  in 
syjihilis  and  .^y]thiliUt'  iritis  is  not  so  t'vidiful,  on  ficcount  of  its  fm- 
ijuently  occurriiii;  on  one  f*i<le  alone.  It  ia  of  course  possible  thftt  iu 
some,  pfirha|)g  in  many  cases,  thero  may  l>e  a  special  vulnenibiliiy  of 
the  iriis  80  that  sliglit  and  ollen  unnotieed  temperature  changvs  luay 
be  the  imtiipdirtto  nuiaua  of  sotting  up  the  iritis.  I.eber*8  view  that 
the  inriannimtion  ia  determined  by  the  accidental  entanglement  iti  tho 
cnpilUries  or  Hiiialler  vessels  of  the  iris,  of  minute  c'o]i';;iila  containing 
the  specific  virus,  nHnnIs  a  iM'Mer  explanation  Iwth  of  the  comparative 
iufre(piency  of  iritis  iu  B^iihilis,  and  of  iLs  frequent  unilatend  nature 
when  it  dfM'fl  occur.  No  anatomical  proof  hM?>  yet,  hoWi-vcr,  been 
givun  of  its  correctness. 

The  local  irmtmcnt  for  syphilitic  iritis  should  be  cairied  rt 
on  the  lines  already  laid  down,  with  reference  to  the  treatment 
of  iritis  in  general.  WTieu  the  case  is  one  occurring  during  the 
secondary  period,  and  therefore  undoubtedly  specific,  the  patient 
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Iv  Irept  on  a  simple  but  nourishing  diet,  and  abstain 
«IlO|^ther  from  alcohol  wnA  lolweco.  The  howela  should  be 
pe^jiilftrlr  and  ijuietly  inoveti,  preferably  by  the  use  of  a  saline 
•prrifnt  water,  and  inci*curial  troatment.  except  in  ihc  case  of 
inherited  syphilis,  be  begun  at  once  and  continued  ci«  b"i_'  ns 

There  are,  of  course,  different  niethtKls  of  usinji;  mercury,  but 

tmi'iiL  by  inunction  is.  in  my  opinion,  preferable  to  either 
intenial  lultniuistration  or  subcutaneous  injection.  If  care  be 
taken  X*\  keep  the  mouth  clwiu  by  the  frequent  use  of  solutions 
of  |»ennanganatc  or  chlorate  of  potash  and  a  toothbrush,  the 
iotioccion  may  be  continued  for  weeks  without  inducing  syuxp- 
(  Miercurialism,  which  it  should  l>e  rcnunni>ered  are  acci- 
lo  Ite  avoidet!,  and  not  to  be  looked  upon  as  indicating 
that  suQicient  mercury  has  been  taken. 

Whatever  view  may  be  held  as  to  the  ultimate  relative  ad- 
vantage of  the  mercurial  or  non-mercurial  treatment  of  syphilis. 
the  L<ye  is  too  important  an  organ  for  us  not  to  take  advantage. 
when  treatini^  the  sypliilitic  cliangea  which  occur  in  it,  of  the 
Ioiia:-ejt^blishc<l  fact  of  the  value  of  mercury  in  cjiusing  the 
dbuipiiearauce  of  secondary  manifestations. 

C«ise3  of  plastic  iritis,  tliaL  is  \jo  say,  as  distinguished  froni 
the  gummatous  variety,  which  l^gin  six  months  or  more  after 
ibc  disapjiearancc  of  secondary  symptoms,  should,  on  the  other 
hand,  not  be  treated  witii  mercury,  but  in  the  way  recommendetl 
iu  oftAei^  of  rheumatic  iritis,  or  with  iodide  of  potassium.  When 
the  paiieut  has  completely  recovered  from  Ids  iritis,  iron  in 
iii.'  '  )  may  advantageously  be  prescrilied,  or  better  still,  if 
h:  istances  admit  of  it,  he  may  W  sent  to  some  chalybeate 

halh- 

The  I'Tnj.^s  of  iritis  already  described,  along  with  sympathetic 
iritis,  which  is  discuKsed  in  the  chai>ter  on  Sympathetic  Oidithul- 
mitis.  are  the  main  forma  of  the  plastic  variety. 

Skkocs  luiTiii, — This  variety  of  iritis,  which  receives  its  nnmo 

acoi'funt  of  the  exudation  iwing  on  the  whole  more  serous 
than  HfiriDOU»,  is  aluiost  invariably  associated  with  a  cyclitis  or 
choiTMdilis.  It  i«  much  more  fretpient  in  women  than  iu  men. 
Aceordiiig  to  Horner  the  proportion  in  the  two  sexes  is  as  ten 
to  three.  CorresiKUiding  to  the  comparative  aljsence  of  a  plastic 
cxndation,  &erous  iritis  is  a  less  painful,  more  insidious,  and 
17 
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usually  more  clu-onic  aftection.  than  most  of  thy  forius  of 
iritis.  Tl»e  irriUiLiou  it  produces  is  indeed  often  so  alifflit  il 
the  attention  of  the  patient  is  first  called  10  the  ey*  • 
certain  degree  of  ha;iineas  of  vision  to  which  it  gives  ri."  Ti- 
back  of  the  corneji  is  tlien  found  on  examination  to  be  a  ici 
mainly  in  its  lower  quatlrant,  by  a  number  of  minute  limiraiil 
specks,  while  the  aqueous  humour  is  at  tlic  same  tiini'  ni-rr  <• 
less  turbid.  The  circumcorneal  injection  is  usmdly  sligh  id 
most  marked  at  the  lower  part,  with  a  gi*eat  tendency,  iMtviflB, 
to  liceome  more  apparent  if  the  eye  be  kept  open  for  ecrme  tiai 
or  if  it  be  rul>bed. 

The  small  deposits,  which  lie  on  the  membrane  of  IXwtiuA 
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Fic.  71<— Serouu  inti»,  thowing  the  condition  known  m  k«rfttiiU 
pUDctftU,  or  De«oetnetiti&. 

consist  mainly  of  pigment,  along  with  leucocytes  and  iil>nii 
This  condition  often  receives  the  name  of  keratitis  puncUW. 
although  it  is  not,  properly  sjMiiikiug.  a  keratitis.  DescemeliU* 
is  anotlier  term  applied  to  the  same  appearance  (see  Fig-Tl)- 
The  pigment  evidently  comes  from  cells,  and  is  not  alierrf 
blood  pigment.  The  larger  spots  are  due  sometimes,  it  wwiW 
appear,  to  proliferation  as  well  of  the  umlerlying  cells  ol 
Descemet's  membrane. 

In  the  first  stnge  of  the  inilamumtion  there  are  uosynechue. 
or  only  very  trifling  ones.  Often  a  very  distinct  hypeni'mia  of 
the  pajiilla  is  to  be  made  out  Avith  the  ophlhalmoscopr.    In 
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the  luttjorily  of  casea  sjiiechia- begin  to  form  after  the  iuttam- 
lufltion  haji  rHinaiiied  for  some  WiH.'ks  in  the  first  sUige,  At 
the  samf  tiiue  the  hypeni-una  of  the  papilla  heconics  more 
marked,  and  diffuM  white  Hontitig  upaoititis  make  their  nppear- 
■ncf  in  the  vitrf'nua,  Tlie.se  ohaiiges  iire  accompanied  by  nlter- 
atimL«  ill  the  iutratx^ular  itinHion,  which-  is  \mi  iiicreiLsed,  and 
Afterwards  very  often  considerably  diminished. 

The  pro(jm}sis  in  this  form  of  iritis  depends  nmch  on  the 
genend  health  of  the  patient,  as  well  as  of  conrse  on  the  extent 
to  whicli  the  uveal  tract  as  a  whole  hits  jwirticipftted,  and  on  the 
ecmipleteneas  of  the  synechia'.  A  number  of  cases  end  in  com- 
plete recovery,  but  moi-e  frefpiently  the  recovery  is  incomplete. 
Id  mme  case^  only  slight  changes  in  the  vitreous  occur  at  all, 
»o  that  recovery  tiikes  place  after  the  intlammatiou  has  remained 
fiiT  «onie  time  in  the  first  stage,  the  Hvmptoms  being  mainly 
codfined  to  the  anterior  portions  of  the  eye;  In  others,  again. 
i\ws  more  or  less  dense  vitreous  opacities  clear  away  after  longer 
or  shorter  periods,  and  no  further  hann  results,  if  the  formation 
of  synechi;!?  has  been  ob\iated  by  keeping  the  pupil  dilated. 
Owing,  however,  no  doubt  to  the  alterations  wiiicli  the  uveal 
iDtbuiuimtion  brings  ab<jut  in  the  nutrition  of  the  eye,  there  is 
a  tendency,  in  coses  where  o]>acities  of  the  vitreous  have  been 
marked  and  persistent,  towanls  the  gi'adual  development  of 
cataract,  which  almost  invariably  then  begins  with  an  oimcity 
confined  to  the  j>oslcrior  portion  of  the  lens, — what  is  called 
ffo^rrior  polnr  cataract.  The  worst  cases  are  those  in  which 
extensive  sniecliiit'  have  formed,  with  occlusion  of  the  pupil, 
and  the  termination,  as  in  other  forms  of  iritis,  either  in 
MJCondary  glaucoma,  or  detachment  of  the  retina,  with  shrinking 
til  the  eye 

The  vtioloffij  of  serous  iritis,  or  more  correctly  serous  irido- 
cyclitiH,  is  not  always  very  clear.  The  preponderance  of  cases 
in  women,  already  referred  to.  shows  Unit  syphilis  cannot  be  at 
all  events  a  general  cause.  ProljaVtly  Horner's  view  is  the  cor- 
rect one,  that  it  results  from  some  jwithological  c^jndition  of  the 
bhxid  or  bluotl-vessels.  He  ]K)int8  out,  for  instance,  that  it  is 
Uiin  variety  of  iritis  which  iM  apt  to  occur  after  fevers  or  severe 
Often  there  are  menstrual  disturlwinces.  or  actual 
diaorders  of  the  tsexuai  organs,  in  women  affected  with  this 
dtiease ;  all  ore  more  or  less  anaemic  or  ehlorotic.     When  it 


26o     DISEASES  OF  THE  IRIS  AND  CILIARY  BODY. 

occurs  in  men,  it  is  for  the  most  part,  too,  in  snch  as  are 
nourished  and  anaemic. 

In  the  treatmait  greater  care  must  l>e  taken  than  in 
case  of  the  plastic  variety  of  iritis  not   to  u»e  atropine 
freely,  on  actjount  of  the  tendency  there  is  towards  m 
tension.     The  pupil  should  at  tirst  be  kept  dilated,  or  st^ 
dilated,  with    as  weak    a    mydriatic    as   possible.     Wben  tbi 
deposits  at  the  back  of  Descemet's  membrane  are  im- "' 
and  large,  it  is  well  tt»  perform  paracentCv^sLs  of  the  comr. 
care  not  to  allow  the  aqueous  humour  to  escjipe  too  t 
The  tapping  of  the  anterior  chamber  may  be  frequeuu;  >»-  j 
peated  if   uiulcrtjtken  with  proper  antiseptic   preeaulioni-   ll  ^ 
appears  to  have  a  lieneficial  influence  on  the  inriamnin'^ 
to  favour  Lho  absorption  and  disappearance  of  the  t'\ 
into  the  vitreous  as  well.     Wheu  these  vitreous  opaci; 
dense,  wet  packing  and  subcutaneous  injections  of  pil 
an^  often   of   use  in  promoting  absorption.      Where  i....   - 
marked  increased  tension.  esj>ecially  in  elderly  people.  I  hiWj 
foiinil  scU'rotomy  performed  with  the  triangidar-sha|Mr«l 
(keraiomo)  of  great  use.     Owiu^  to  tlie  prevalence  of  oni* 
iron  in  some  form  or  other,  and  arsenic,  are  of  uso.    Chftu^'j' 
air,  with  rt-'gular  moderate  exercise,  should  ahKi  be  i*ecomTuethiiHi 

TkaCMATIC  Iiutis, — Puruknt  Iritis, — Iritis  may  be  sel  up 
by  direct  injury  to  the  iris,  or  by  injury  to  the  contiguous  jwt» 
of  the  eye,  the  cornea,  lens,  or  ciliary  body.  The  injury  mar 
1)6  an  accidental  one,  or  be  caused  b}'  some  operation,  sucli  is- 
the  extraction  or  discission  of  a  cataract.  Tlie  severity  of  to 
intlamnuition  depends  gi'eatly  upon  whether  or  not  septic  luallcr 
or  any  foreign  lK)dy  has  remuincti  in  the  eye.  These  almost 
invariably  give  rise  to  a  piirulent  intiamniation.  The  pus  whicb 
is  then  excreteil  from  tlie  inflamed  iris  not  oidy  infiltrate*  i» 
tissues,  collecting  mainly  bt*tween  the  endothelial  covering  ttoJ 
the  stroma,  but  also  falls  to  the  bottom  of  the  anterior  chambei' 
as  hypopyon.  At  the  same  time  some  of  the  vessels  give  wa?'. 
causing  hieniorrhage  into  the  iris.  Purulent  iritis  may,  too, 
form  only  a  part  of  a  general  suppurative  destruction  of  to 
eye.  the  result  either  of  external  local  chnngea,  or  of  Mptic 
emboli  in  the  choroid.  Sometimes  a  traumatic  iritis  does  not 
occur  at  all,  or  only  slightly,  at  t!ic  time  of  an  injury,  ImiI  i^ 
Ket  up  at  some  subsequent  period  by  clianges  which  occi 
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le   eye  wliich  lead  to  persistent  dragging  on,  or  irritatif»n  of, 
lA  iri& 

The  treaiment  of  traumatic  iritis  will  depend  greatly  upon 
bie  nature  of  the  injury  as  well  as  upon  the  severity  of  the 
KKflammation.     If  the  lens  has  been  wounded,  or  if  a  foreign 
lody  be  lodged   in  the   iris   or  in  the  anterior  or  jwsterior 
Hqveous  chamber,  some  operative  interference  will  usually  be 
sailed  for.     Where  there  is  no  foreign  IkhIv,  but  where  the 
nature  of  the  accident  and  the  presence  of  much   hypc»pyon 
x«iider  the  septic  character  of  the  inHauimation  undoubted,  it 
maj  often  be  advisable  to  make  a  small  ojtening  into  the  an- 
terior chamber  and  wash  out  llie  contents  with  a  weak  anti- 
aeptic    This  proceeding  should  not  Ije  too  rashly  undertaken, 
as  many  cases  are  best  left  alone. 

Tl'BERCULAR  Ikitis. — This  is  a  rare  form  of  iritis,  which 
way  occur  in  one  or  both  eyes,  and  most  commonly  makes 
its  appearance  before  the  period  of  full  growth.  Horner  found 
tbe  greatest  frequency  after  the  fifth  year  and  lx.'fore  pul^irty. 
Tbe  inflammation  begins  as  an  ordinary  serous  or  plastic  iritii* 
■nd  is  often  preceded  by  ill-health  an<l  loss  of  tiesh,  an<l  accom- 
panied by,  sometimes  very  considerable,  swelling  of  ilu-  sur- 
loundiug  lymphatic  glands.  Tubercles  in  the  shai>e  of  small 
yellowish  nodules,  usuallv  in  consideralile  numU-i-*.  make 
their  appearance,  and  the  iritis  shows  a  tendency  to  l>«.'Come 
chronic  The  tubercles  may  Injcome  confluent,  or  disi]»i»«,-ar 
wid  be  replaced  from  time  to  time  by  others.  TuU;rcular 
duease  may  or  may  not  exist  in  other  organs  at  the  same 
time. 

Some  cases  completely  recover,  others  ngtiin  lead  to  shrink- 
j^g  of  the  eye  or  to  perforation  and  protrusion  of  a  iuU,T*uliii- 
n^aaa externally.  There  is  seldom  any  tlifficulty  in  tlie  /fi^'f/fto^U 
C«mmata  of  the  iris,  which  they  somewhat  reseml^le,  are  niore 
^ascularised,  and  occur  besides  at  a  different  time  of  lif«f.  The 
wonjt  cases  are  those  in  which  the  tubercles  l>ecome  couHiicnt, 
«nd  in  such  there  is  not  only  greater  danger  for  the  eye,  but 
the  prognosis  is  unfavourable  with  resf>ect  to  tlie  life  of  the 
patient  as  well.  These  cases  were  long  known  un<ler  the  name 
^^  panuloma  of  the  iris  before  their  true  tul*ercular  nature 
was  established.  Jacobs  of  Dublin  considered  them  to  1^ 
tubercular,  and  described  them  as  cases  of  tul>ercular  iritis. 
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but  ic  is  only  comparatively  recently  that  his  views  have  been 
confirmed  by  inoculation  experiments  on  animals.  Horner 
seems  to  have  considered  some,  at  all  events,  of  the  eases  in 
which  the  nodules  in  the  iris  are  multiple,  and  exhibit  little  or 
no  tendency  to  become  continent — for  which,  too,  the  prognosis 
is  much  more  favourable — cases  of  lymphomatons  iritis.  It 
seems  probable,  however,  tliat  they  are  all  tubercular.  Tuber- 
cular changes  in  the  iris  are  thus  a  much  earlier  manifestation 
of  the  diathesis  than  tubercle  of  the  choroid. 

In  the  treatment  the  possibility  of  the  disease  in  the  uts> 


Fig.  72. — Tubercular  iritis. 

acting  as  a  source  for  self-infection  must  always  be  kept  in  view. 
Tliis  danger  is  a]>]iarently  gi'eatest  in  the  cases  of  granuloma 
which  lead  to  perforation,  but  it  is  also  present  in  the  form 
whicli  ends  in  phthisis  of  the  globe.  There  can  be  no  doubt, 
therefore,  that  the  proper  treatment  in  the  woi^st  cases  is 
enucleation.  In  some  cases  an  isolated  tubercular  mass  may 
be  excised  (along  with  the  portion  of  iris  in  which  it  is  situ- 
ated), but  this  treatment  is  only  rarely  successful.  The  iritis 
must  be  treated  on  the  ordinary  lines,  and  the  patient's  strength 
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up  by  nourUhing  food,  and  the  exhibition  of  anti-stnmious 

ther  vnrieties  of  iritis  are  descril>ed.  such  as  scrofulous 
iritis,  and  tbosu  fulluwing  different  fever».    Theue  do  not  exhihit 
ly  «ip(?cial   features  indicative  of  the  particular  illness  with 
;h  tlwy  aru  associated.     They  for  the  most  part  assume  the 
variety,  or  they  are  metastatic,  resulting  from  embolism 
the  vessels  of  the  iris,  and  are  then  associated  with  a  similar 

iniAlion  of  the  choroid. 
Iniis  niay  also  come  on  in  connection  with  neuralgia  of  the 
fifth  ner\e,  anii  apin-nrs  esjjecially  prone  to  do  so  where  tlie 
neuralgia  is  due  to  some  trauuui.     The  prognosis  in  these  cases 
is  cm  the  whole  Imd. 


CtCLITJS. 

ntlMUinialion  of  the  ciliary  Innly,  or  cyclitis,  is  l>est  con- 
rod  in  this  connection,  as  it  is  so  frequently  associated  with 
Iritis.  One  of  tlie  moat  common  sym]>toms  of  cyclitis,  and  that 
li  '  Tom  a  diagnfistic  point  of  view,  perhaps  of  the  njrtratest 

iiu,    -L',  is  tenderness  to  pressure  over  the  ciliary   region. 

Tills  Ceudertiess^  which  is  very  different  in  degree  in  diiTerenL 
Qtaeft,  is  often  more  marked  at  certain  spots  than  at  others. 
Wlieii  Uiis  is  the  case  there  can  l>e  little  doubt  that  in- 
damm&tion  of  tlie  ciliary  body  exists,  unless  the  iritis  Ijc  ver}* 
wtere. 

The  diaractea*  of  the  exudation  from  tlie  intlumed  ciliar}' 
body  lUAy,  as  in  tlie  cose  of  iritis,  be  mtiinly  serous  or  plastic  or 
y  '  f  he  symptoms  may  differ  more  or  less  accordingly, 

i  I  jiOii^'S  frciui  Uie  two  free  surfaces  of  the  ciliary 

body  into  the  ptJSterior  aqueous  chamber  and  into  the  vitreous 
chaiulier. 

A  constant  symptom  of  cyclitis  is  therefore  more  or  less 
Ofncity  of  Uie  vitreous.  Often  this  can  only  be  inferred  from 
\\  '  '  r  of  \ision  which  it  produces^  as,  owing  to  the  presence 
«'i    ,  II  >',  and  the  ditliculty  of  olitjiining  dilatation  of  the  pupil, 

tlw?  objective  determination  of  the  opacities  may  be  ft  matter  of 
A'y"  '■  T  .  1:  Iati*)u  from  theanterior  portion  of  the  ciliary 
)•    .  ■   ;■ 'hijc,  precipitations  on  l)escemet'3  membrane. 

olititenitioD  of  the  pupil,  and  in  bad  cases  to  an  agglutination 
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between  tlie  posterior  surface  of  the  iris  and  tlie  capsule 
lens.  In  the  ciise  of  purulent  cyclitis  there  is  also  lijqvij 
Thnt  portion  of  the  exudation  of  plastic  (^r  puruleut 
wliich  passes  through  the  ciliary  processes  into  the  \ 
chandjer  nmy  TOUiaiu  confined  to  the  immediately  sui 
regions,  or  permeate  the  \ntreons  more  or  less  extensively. mi 
it  to  become  more  lluid.  If  absorption  does  not  rapidly  tab^ 
place,  changes  occur  in  the  exuded  matter  leading  to  tlia 
niatiou  of  filamentous  or  even  membranous  shreds  of 
form  of  connective  tissue.  Where  there  has  been  an  cxw 
exudation,  the  subsequent  shrinking  which  takes  place  in 
tissue  may  result  in  dettichiuent  of  the  retina,  and  cons 
complete  loss  of  vision.  In  many  c^ses.  where  the  exuiluu* 
has  accumulated,  as  there  is  a  tendency  for  it  to  tlo,  at  the 
anterior  portiuu  of  the  vitreons,  subsequent  contraction,  laiiiflj 
place  during  its  organisation,  leads  to  displacement  of  ihefcm 
Most  frequently  this  displacement  is  forward,  so  that  the  nnfeTPff 
chamber  becomes  more  or  less  sliallowed ;  sometimes,  nwiiij? 
to  the  contraction  being  more  in  one  direction  than  in  otLen. 
some  portion  of  the  lens  is  tilted  forward,  and  the  cbnmler 
is  shallowed  in  one  direction,  and  deepened  in  the  opposite. 

In  some  old  standing  cases  the  anterior  chamber  is  deepeneii 
so  that  a  futmel-shaped  depression  is  observed  to  exist  ut  it* 
centre.     Tliis  is  produced  by  contraction  in  an  anteitj-ixHierior 
direction,  which  brings  about  an  approxinmtion  of  the  lens 
tlie  optic  papillii,  to  which  the  oi*^anised  exudation  has  fornirf' 
an  adhesion.     In  such  cases  there  is  at  the  same  time 
diminution  in  the  intraocular  tension. 

Cyclitis  may  be  set  up  IraunmtiL'ally  by  an  injury 
without,  ur  by  some  alteration  taking  place  within  the  eye.  S^ 
severe  blow  on  the  eye  may  be  sufficient,  hut  more  common  cauk0 
are  penetrating  wounds,  and  tJie  introduction  of  foreign  b«xlica 
eithfi-  into  tlie  ciliary  body  itself,  or  into  some  of  the  surroiiiiti- 
ing  parts,  as,  for  instance,  the  posterior  aqueous  chamber  or  tltf 
lens.  In  some  cases,  where  foreign  bodies  have  Ijecome  en* 
capsultid,  they  may,  from  some  cause  or  other,  become  suddenly 
dislodged,  and  then  set  up  cyclitis  months  or  years  after  the 
accident  which  drove  them  into  the  eye.  It  may  Ije  ibal 
liaving  lodged  in  the  lens,  thus  producing  traumatic  catanict, 
the  gradual  disintegration   and  absoiptiou  of   the   lenticular^ 
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structure  leads  to  an  alteration  \u  the  position  occupied  by  the 
»»r>"       '    '        Tin?  new  |Hmitiun  is  apt  to  l>e  one  which  causes 

I-  -n  of  the  tissues  of  the  eye  and  cycUtis. 

Traunmiic  cntanict  aloue,  t>,,  without  the  presence  of  any 
f  "  lifMly,  may  in  various  ways  set  up  cyclitis.     This  may 

h  if  a  rapid  swelling  takes  place  where  the  lesion  in  the 

peole  has  been  small,  and  the  swollen  leus  matter  does  not 
ily  make  its  escApe  into  the  aqueous  chanil>er.     Ag:ain,  it 

y  liapjH'U  if  the  iris,  owing  to  its  having  formed  adhesions  to 
I  lie  wound  lit  the  ciipsult^,  is  subjected  to  more  or  less  constant 
nnj?.  A  dislocated  lens  is  also  very  apt  to  set  up  cyclitis, 
ore  esi^eciiiUy  if  it  has  at  the  same  time  undergone  advanced 
«lcgi"neniti\'^  changes. 

Uliile  irregular  and  septic  wounds  in  the  ciliary  re^ou 
Iniu^t  invariably  lead  to  an  immediate  and  usually  purulent 
cyclitis,  very  little  irritation  may  result  from  clean  and  aseptic 
wrountls  in  the  same  situation. 

The  treatment  in  the  case  of  foreign  bodies  lodged  in  the  eye 
is  diecussed  in  Chapter  IX.  Wounds  of  the  ciliary  region 
Id  l)c  carefully  washed  with  some  antiseptic  lotioii,  and 
ij  se]»dratiou  of  the  lips  as  much  as  possible  pi*evcuted  by 
catling  off  or  replacing  the  intervening  structures.  Swollen 
lens  matter,  when  causing  irritation,  must  be  removed  in 
the  manner  described  in  the  chapter  on  Operations.  A  dis- 
located leus  must  be  extracted,  and  where  any  dragging  on 
the  iris  Ims  set  up  irritation,  or  appears  likely  to  do  so,  it  will 

Decessajy  to  j>erfiirju  iridectomy  in  such  a  jK»sition  as  to  free 
if  possible  the  ]>ortion  dragged  on. 

When  cycUlis  is  once  set  up,  the  treatment  shouUl  consist 
in  kcepiug  the  pupil  dilated  with  atropine,  in  applying  hot 
fiHueutations  to  the  eyes,  and  in  leeching  over  the  teniplea 
Tl>e  eyes  should  W.  sliad»'d,  and  the  patient  not  allowed  to  read, 
or  use  them  for  any  work  near  at  hand.  In  purulent  oises  it 
i«  Wi-dl  to  apply  a  jtretty  tight  bandage  over  the  aflected  eye, 
OB  this  seems  t«  aid  in  checking  the  tendency  to  panojrhthal- 
mitia — tliat  is,  Ui  an  extension  of  the  purulent  inHammation  to 
the  choroid. 

TrMOl-BS  OF  THE  Ikis.— Both  sinijde  and  nudiguant  tumours 
Ar«  met  with  in  the  iris.  Tliey  are  rare,  and  not  of  particidar 
iuterest      Two  kijuls  of  cyst  occur — the  tpUlrrmoid  and  the 
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serous.     Tlie  former  only  appears  to  come  after  there  liaa  lieen 
soine  penetrating  wound  of  the  cornea,  nnd  the  latter  is  usually 
also  of  traumatic  origin.     In  fourtt'en  wises  of  cysts  of  the  iri» 
ohserved  by  Siiell,  ten  had  been  pi-eoeded  by  trauma.     Hulke- 
apiin  found  out  of  nineteen  fifteen  in  whieh  there  had  lxx;n  some 
injury,  and  liothinund  was  able  to  trace  a  traumatic  origin 
thirty-one  times  out  of  tiiirty-seven  collected  cases.     The  pro- 
portion of  traumatic  cases  is   therefore  from  these  statistic* 
about  four  in  five,  and  may  iu  reality  not  improbably  be  greater. 
At  the  time  of  the  accident  some  small  portion  of  skin  or  corncaL 
epithelium,  or  a  piece  of  an  eyelash,  is  driven  into  the  anterior* ( 
chamber,  and  there  proliferates,  assuming  usually  a  cystoid  lyjMS 
of  growth.      Exfieriments  conducted  by  Hosch  have  shown  that> 
tliesc  cysts  are  most  likely  to  gi'ow  when  along  with  the  epi- 
dermis   some    glandular    tissue    is    transplanted    to    the   eye. 
Arctmling  to  Rothmund,  who  first  proposed  the  division  inlo 
epidermoid  and  serous  cysts,  the  time  elapsing  between  the 
accident  and  the  formation  of  an  epidermoid  cyst  is  at  least 
two  months,  and  may  amount  to  several  years.    The  serous  cyst 
seems   mostly   to   extend   fiom    the   mai'gin   of    the    anterior 
chamber.     It  is,  in  fact,  a  kind  of  cyst<>id  degeneration  of  the 
iris,  leutling  ti)  the  formation  of  a  diverticulum  at  the  angle  of  the 
chamlier.     The  prognosis  is  bad  in  both  these  forms  of  cyst, 
as   they  are  apt   to  go  on   growing,  and   eventually  lead   In 
destruction  of  the  eye 

The  itcntmcnt  consists  in  excising  them  as  soon  as  i>ossiblc, 
along  with  the  portion  of  iris  to  which  they  are  attached.  Core 
slionld  be  taken  not  to  rupture  the  cyst  wall  during  removal. 

Like  other  parts  of  the  eye,  the  anterior  cliamlx^r  may  l« 
visited  by  a  cysiiv^rcits.  In  the  cases  which  have  been  observe<l. 
and  whieh  have  occurred  almost  exchisively  m  (Jermany,  the  sur- 
rounding cyst  has  sometimes  been  clear,  at  other  times  purulent. 

Snrcmiia  of  the  Iris  is  usually  an  extension  fi-om  the  ciliary 
l>ody,  which  is  a  common  site  for  malivmant  tumours  within  the 
eye.  It  may  be  pigmentc<l  (mehinotic)  or  not.  Only  in  the 
latter  case  is  there  any  possibility  of  mistaking  it  for  a  gum- 
matous or  tubeix'ular  mas.s.  Prinuiry  sarcoma  of  t!ie  iris  iloes, 
however,  occur.  Cases  have  been  successfully  operated  on  by 
Little  and  others,  by  removal  of  the  iris  in  which  the  tumour 
grew.    Tlieir  early  diagnosis  is  therefore  a  matter  of  importance. 
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iliferation  of  the  pigmentary  tissue  of  the  iiis,  or  melanomata 
the  iris,  are  met  with  as  dark  pigment  spots  or  small  growths, 
ej  usually  remain  stationary,  and  do  not  interfere  witli  vision, 
t  in  some  cases  they  appear  to  have  been  the  starting-points 
sarcomatous  growths. 

Lipomata,  Atigioinaia,  and  other  varieties  of  tumours,  are 
dy  of  the  utmost  rarity.  I  have  met  with  one  ease  of  utvvus, 
)t  only  of  the  iris,  but  of  a  persistent  pupillary  membrane  at 
le  same  tima 

ALTERATION'S  IN  THE  Iris  PRODUCED  BY  INJURY. — Lacerations 
\  the  iris  may  be  produced  by  penetrating  wounds.  ^Vhen  the 
istory  of  the  accident  points  to  the  impaction  of  a  small  botly, 
le  appearance  of  the  laceration  of  the  iris  is  strongly  suggestive 
fits  presence  somewhere  in  the  eye.  Sometimes  ihe  laceration 
as  taken  place  at  the  pupillary  margin, — more  frequently, 
owever,  it  is  elsewhere ;  and  the  more  peripheral  it  is,  the  more 
nportance  does  it  acquire  from  a  diagnostic  jwint  of  view,  wlicn 
le  question  arises  as  to  whether  or  not  a  foreign  body  is  lodged 
1  the  eye.  With  the  more  central  wounds  there  may  usually 
e  made  out  the  corresponding  wound  in  the  lens,  while  in  tlu* 
•se  of  peripheral  wounds  of  the  iris,  a  trauma  of  the  lens  is 
'ither  of  so  frequent  occurrence,  nor  so  easy  of  observation 
"en  it  has  occurred.  The  laceration  may  cause  bleeding, 
^ich  is  usually  slight,  and  the  hypha?ma,  or  collection  of  Idood 

the  anterior  chamber,  to  which  this  gives  rise,  is  as  a  rule 
'^dly  absorbed.    Synechia;  almost  always  occur  in  cases  where 

Wound  is  situated  not  far  from  the  pupil,  unless  the  pupil 

been  well  dilated  soon  after  the  accident. 
A  simple  wound  of  the  iris  is  not  likely  to  cause  iritis,  but 
&ti.  as  so  often  happens,  the  lens  is  wounded  at  the  same  time, 
^  foreign  body  is  lodged  in  the  eye,  the  chances  of  inflammation 
ftg  set  up  in  the  iris  are  very  great.  Tlie  treatment,  too,  will 
y  according  to  the  severity  of  the  accident.  When  the  iris 
■ne  is  injured,  a  few  days'  dilatation  of  the  pupil  with  a 
driatic  and  rest  to  the  eyes  is  all  that  is  usually  required, 
mplications  must  be  treated  as  they  arise,  after  the  manner 
)lained  in  connection  with  traumatic  iritis  and  cataract,  and 
the  chapter  on  foreign  bodies  in  the  eye. 

Various  injuries  to  ike  iris  are  produced  by  blows  on  the  eye  : 

simplest  of  these,  though  not  the  most  frequent,  is  a  rupture 
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of  the  sphincter  muscle.  This  accident  is  in  my  experience  not 
so  rare  as  the  paiirity  of  liu^ratiin*  on  the  subject  might  lead  one 
to  suppose.  Of  itself  it  is  of  little  importance,  but  it  amy  be 
associated  with  other  cliaiif^es  liable  to  be  produced  by  cou- 
tusious.  Sometiines  a  nipture  lakes  place  in  the  dii*ection  of 
the  radial  fibres  of  the  iris,  but  without  involving  the  sphincter. 
This,  too.  may  occur  spontaneously  in  oases  wliere  the  iris  is 
atrophic,  and  dragged  on  in  some  particular  direction. 

A  more  common  accident,  produced  by  severe  contusions, 
and  often  associated  with  rupture  of  the  choroid,  is  a  se^mration 
of  more  nr  less  of  the  iris  from  its  peripheral  or  ciliary  attach- 


Fio.  73. — IridO'diAlysis  and  citanct. 

meut  This  accident  (see  Fig.  73),  to  which  the  name  of 
ir'uh-dlai jisis  is  >;iveu,  is  always  accompanied  at  the  time  hy 
hyi)htema.  It  uther  parts  of  the  eye  are  uninjui-ed,  it  may  occa- 
sion monocular  diplopia,  if  the  eye,  from  an  error  of  refraction 
or  owini;  to  the  state  of  accomuiodation,  is  not  focussed  for  tlie 
object  looked  at.  Souie  dazzling  is  also  produced,  owing  to  the 
irreguliu*  refraction  througli  tlie  peripheral  portions  of  the 
dioptric  uiedia  of  the  eye.  The  sei>aration  causes  a  flattening 
of  tlie  corresjKinding  portion  of  the  pupil. 

All  degrees  of  irido-dialysis  are  met  with.    When  very  slight, 
it  can  only  be  easily  diagnosed  by  throwing  light  into  the  eye 
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■nth  the  ophthalmoscope,  when   the  red  reflection  from  the 
Evuidus  can  be  seen  at  the  periphery  of  the  iris,  as  well  as 
tSuoQgh  the  pupil     A  spontaneous  re-attachnient  of  the  iris  to 
ttie  ciliary  body  probably  never  occurs.     A  case  is  recorded 
firom  the  Dublin  Eye  Hospital,  in  which,  under  atropine,  and  a 
lioiidage  applied  very  shortly  after  the  accident,  complete  cure 
look  place.     This  fortunate  result  is,  however,  so  rare,  that  it 
conid  hardly  be  expected  to  occur  in  any  particular  case.    Occa- 
sionally, in  performing  iridectomy,  if  the  iris  be  too  forcibly 
drawn  upon  by  the  forceps,  a  separation  occurs  at  its  periphery. 
Another  and  very  curious  result  of  blows  on  the  eye  is  the 
complete  or  partial  retroversion  of  the  iris.    This  gives  rise  to  the 
appearance  of  a  complete  absence  of  any  iris  at  the  position  of  the 
lesion.    When  partial,  it  is  usually  possible  to  see  the  folding  of 
the  iris,  where  the  inverted  portion  joins  on  either  side  the  por- 
tions which  remain  in  situ.     The  existence  of  the  folded  back 
portion  can  also  be  inferred  from  the  fact  that  the  ciliary  pro- 
cesses are  not  visible  with  the  ophthalmoscope,  notwithstand- 
ing that  no  iris  intervenes  between  the  cornea  and  the  margin 
*^f  the  lens. 

Temporary  or  permanent  dilatation  of  the  pupil  may  also 
^'esttJt  from  a  blow  on  the  eya  Often  the  dilatation  is  irregular. 
Where  the  lens  is  dislocated  or  absent,  and  thus  the  natural 
*^Pport  which  the  iris  gets  by  its  apposition  to  the  capsule  in 
tne  normal  state  is  interfered  with,  or  altogether  lost,  the  iris  is 
obser\'ed  to  shake  with  the  movements  of  the  eye.  This  tremu- 
'^'>s  condition  of  the  eye  is  called  irido-doncsis.  It  shouhl  direct 
^''teiition  to  the  lens,  an  abnormality  in  which  is  the  most 
^'^^mon  cause,  chough  sometimes  a  not  inconsiderable  degree  of 
*^^Ving  may  occur  in  cases  where,  from  some  cause  or  other,  the 
P^terior  aqueous  chamber  is  unusually  deep. 

In  old  cases  of  iritis,  especially  if  complicated  by  any  condi- 
Uon  which  gives  rise  to  constant  dragging  on  the  iris,  atrophy 
'*>f  the  iris  takes  place.  The  tissues  may  be  so  thin  as  to  admit 
of  more  or  less  light  passing  through  from  the  fundus  on 
ophthalmoscopic  examination ;  often  there  are  actual  rents  here 
and  there.  Atrophy  of  the  iris  is  common  in  the  last  or  de- 
generative stages  of  glaucoma 

CONGKXITAL  ANOMALIES  OF  THE  Iris, — Colohorna  of  the  Iris. — 
(see   Fig.  74) — is  a  congenital  defect,  which  is   due  to  non- 
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closure  of  the  foetal  fissure.  It  may  or  may  not  be  aBsodalri ; 
with  a  similar  congenital  defect  in  the  choroid  The  «!►  j 
boina  may  be  of  all  sizes,  up  to  one-fourth  of  the  whok  is 
It  always  occurs  downwards,  or  downwards  and  inwards,  «i 
generally,  though  often  not  to  the  same  extent,  in  both  eya 
It  may  occur  in  several  members  of  the  same  family,  botte 
does  not  appear  to  be  the  same  tendency  to  this  as  in  nuif 
other  congenital  defects.  The  coloboma  may  be  either  totil « 
partial — that  is  to  say,  it  may  extend  right  up  to  the  dliuj 
body,  or  close  before  reaching  so  far  back.  In  some  rare  a- 
stances  closure  has  been  found  to  have  taken  place  at  an  intir* 
mediate  point,  so  that  the  coloboma  is  bridged. 

Closely  allied  often  to  coloboma  of  the  iris  is  the  conditio 


Fi<;.  74. — Congenital  coloboma  of  the  iriB  (downwards  and  inwards). 

known  as  corrcdapia,  or  eccentric  displacement  of  the  pv^^*  . 
Owing  to  faulty  development  of  the  muscles  of  some  portion  *^ 
the  iris  and  ciliary  body,  the  pupil  becomes  drawn  up,  fro*** 
the  in'cponderauce  of  action  of  the  more  complete  portion^ 
8ouioiimcs  tiie  muscular  defect  is  due  to  other  causes  tlial' 
cololxtnia,  and  may  then  be  either  congcuital  or  accidental 

Aniridia. — Not  so  common  as  coloboma,  but  still  not  of  ver*' 
rare  occuiTeuce,  is  a  congenital  absence  of  the  iris — aniridia,  of 
iridenmia^aa  it  is  called.  This  condition  is  most  commonly  luet- 
with  in  several  meml>ers  of  the  same  family,  and  is  inherited- 
It  almost  invariably  occurs  in  both  eyes  at  the  same  time    The 
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-.  mature  of  the  arrest  in  development,  which  gives  rise  to  aniridia, 

\  iJB  apparently  not  understood.    The  appearance  which  the  total 

\  a.l»ezice  of  the  irides  gives  to  the  eyes  is  peculiar,  and  not 

|t  altogether  like  that   which  most  resembles  it,  viz.,  maximal 

dilatation  of  the  pupila     In  all  cases  which  have  come  under 

!    my  own  observation  there  has  been  at  the  same  time  a  ring  of 

pigmentation  in,  or  immediately  behind,  the  peripheral  jK^nion 

of  the  cornea.     In  many  cases  there  is  some  defect  in  the  lenti- 

C'jiar  system, — either  congenital  displacement  of  the  lens,  due 

to  some  faulty  development  of  the  suspensory  ligament,  or 

more  or  less  opacity  of  the  lens,  usually  stationary.     Myopia, 

or  defective  accommodation    are  frequent   concomitants,  and 


JTT 


Fig.  75. — Congenital  coloboma  of  the  iris  (downwards). 

. '"^  is  usually  as  well  more  or  less  defect  of  sight.     Patients 
^^^  this  defect  are  bothered  by  dazzling,  and  ac(|uire  the  habit 

screwing  up  their  eyes.  There  is  often  at  the  same  time 
photophobia,  and,  in  the  cases  where  the  associated  defects  are 
*"ost  marked,  nystagmus. 

-^^nisin. — ^The  genei-al  absence  or  defective  develoijment  of 
PJgnietit  throughout  the  body,  which  characterises  the  albino, 
^^^  to  the  iris  a  very  peculiar  appearance.  It  has  usually  a 
Pinkish  or  faint  lavender  colour,  and  the  detfiils  of  its  structure 
^'^  Diore  evident  than  in  an  iris  in  which  there  is  a  normal 
amount  of  pigment  present.  AVhen  the  eye  is  examined  witli 
'***  ophthalmoscope,  a  considerable  amount  of  light,  reflected 


I 


272     DISEASES  OP  THE  IR/S  AND  ClL/AffY  fiODl 

from  the  finulns.  is  found  to  pass  through  the  iris,  an(i  itii 
tnuisluccucy,  as  well  no  doubt  as  the  associated  aljsenwflf 
luent  in  the  choroid,  which  gives  rise  to  the  dazzling  from 
albinos  suH'er,  and  which  causes  them  eonsUinlly  lu  screw 
their  eyes.     The  vision  is  more  or  less  iiujierfect.  aTt.l  iIiptt 
some  degree  of  nystagmus  iu  all  cases.     Some  cii- 
with  where  the  pi;j:meut  is  not  altogether  absent    I) 
seems  as  a  rule  to  have  been  a  gradual  development      ^^ 
since  birth,  with  a  corresponding  improvement  of  \ision.  Alia 
ism  is  sometimes  met  with  iu  several   members  uf  ibe 
family. 

Little  can,  as  a  rule,  be  done  to  impi-ove  the  sighL  Sol 
find  t-nnifort,  without  any  N-isual  improvement,  by  the  a* 


Fia.  ru, — Double  colobomn  of  the  iris  w-ith  oorrecstopia  (right  eyt) 


darkened  glnssea     Steuopaic  apertures  are  only  useful  in  0 
where   the   nystjiginus    is    slight.     Any   operative   treaini' 
such  as  tatouing  or  creating  a  nebula  in  the  cornea,  is 
justifiable. 

'l'i:u  iris  of  the  new-lHirn   infant  is  grey  or  blue  iu  col 
and  either  rouiaius  so,  or  gradually  accumulates  pigment,  w' 
eventually  to  liecome  more  or  less  brown.      These  changes  \A 
plnce  as  a  rule  very  early  in  life,  but  are  sometimes  deferred 
the  tliird  or  fourth  year,  or  even  later. 

The  intiuence  of  heredity  on  the  colour  of  the  eyes  is  v 
marked,  iind  there  seems  no  greater  tendency  to  inherit  it 
either  parent.     It  luis  been  found,  for   imjtance,  tha 
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riCfipring  of  parents  with  difi'erently  coloured  irides — that  is, 

ilm<  irides  of  the  one  parent  dark  and   uf  the  other  light — 

BtiPty  per  cent  have  dark,  and  fifty  per  cent,  have  light  irides : 

vrliile  when  both  parents  have  light  or  dark  irides,  ninety-six  pf  r 

cent  of  the  offspring  present  tlie  same  colour  as  the  parents,  and 

only  four  per  cent,  not     Of  these  four  per  cent.,  most  have  both 

eyes  the  same,  inheriting  probably  from  some  remote  ancestor ; 

iirhile  a  few  present  the  appearance  known  as  heterochromia, 

■where  the  cue  iris  is  brown  and  the  otlier  blue. 

Another  form  of  heterochromia  is  met  with, — that  in  which 
part  of  the  iris  is  of  one  colour  and  part  of  another.  This,  as 
in  the  more  normal  cases  of  iris-coloration  is  usually  developed 
very  early  in  infantile  life,  but  may  also  make  its  appearance  in 


Fig.  77. — Heterochromia  iridis. 

"'te childhood.     Fig.  77  represents  a  case  in  which  the  condition 
^^  tolerably  symmetric-al  on  the  two  sides. 

^^  normal  eyes  the  pupillary  membrane,  which,  duriiij;^  th(? 
P^^^x  part  of  intra-uterine  life,  stretches  across  tlie  pupil, 
ODly  remains  persistent  in  that  i>art  which  covers  the  iiis,  who.sc 
endothelial  layer  it  becomes.  It  is  not  a  very  uncommon  thinu 
^  ^^^,  however,  small  portions  of  the  membrane  strctfhiii<( 
across  the  pupil  in  the  shape  of  one  or  more  fine  tliread.s.  'i*o 
^"is  condition  the  term  persiMent  pupiUart/  memh-nne  is  ajiplied. 
^^*^*^ionally  a  considerable  portion  of  tlie  nieml>rane  jjersists, 
^'^^  is  adherent  to  the  capsule  of  the  lens,  usually  at  the  same 
time  havine  filamentous  attachments  to  the  iris.  This  n»eni- 
18         ^ 
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Lranous  foi'iu  ]n'iKluces  coiisklerable  tiefect  of  vision,  while  tlie 
more  coniuion  tilaiiientous  fonn  is  of  no  imporU^nce  whatever  in 
this  respect.  Without  careful  examination  the  ^w  threads 
might  easily  he  taken  for  fihrinous  remains  of  an  old  iritis,  Ijut 
they  can  he  distinguished  from  these  by  observing  thai  they 
spring  from  some  portion  of  tlie  anterior  surface  of  the  iris. 
usually  by  two  or  more  fibrous  roots,  while  an  iritic  exudation 
comus  from  tl»e  lower  surface  of  tlie  iris,  or  at  most  adhtres 
to  the  pupillary  margin.  Only  the  rare  membranous  form  calls 
for  any  operative  interference.  I  have  seen  several  ca^*s  in 
which  discission  of  the  lens  w^as  necessary,  on  account  of  the 
amount  uf  amblyopia  which  the  condition  occasioned. 

Foreign  Bodies  in  the  iris   are  rare,  as  the  force  which 
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FlO.  78. — CapHulu- pupillary  membnuie  with  white  spots  on  oapBole. 

impels  them  so  far  is  usually  sufficient  to  carry  them  into  the 

posterior  aqueous  chamber,  lens,  or  vitreous.      Their  diagnons 
and  treatment  is  considered  in  Cliapter  IX. 

Anterior  Chamber. 


Individual  tlifferences  exist  in  healthy  eyes  in  the  depth 
and  shape  of  the  anterior  chamber.  Changes  are  also  con- 
tinunlly  taking  place  in  health,  according  to  the  state  of 
accommodation.  When  the  eye  is  accommodated  for  near 
objects,  tlie  middle  of  the  chamber  is  sballi»wer,  and  the 
periphery  deeper,  tlian  in  the  case  of  accommodation  for  dis- 
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This  ifl  owing  to  the  increased  thickness  of  the  lens, 
'  "*  '      runly  »risea  from  the  greater  cun*ature  of  its  imtcrior 

--  and  to  the  retraction  of  the  jwripliery  of  tlie  iris,  by  the 

contracted  ciliary  muacle,  of  the  accommodated  eye.  In  very 
jroong  infants  and  very  ohl  people  the  chamber  is  shallower 
tlian  at  other  periods  of  life.  In  the  former  c<ise  tliis  is  owing 
to  the  globtUiir  shape  of  the  lens  and  the  imperfect  development 
of  the  eye  altogether;  in  the  latter,  to  increase  in  the  size,  and 
ponibly  also  to  advancement,  of  the  whole  lens. 

The  anterior  clmmber  is  pathologically  increased  in  dej)tli  in 
^tWO  irays;  by  nn  alteration  in  the  normal  position  of  the  lens. 

bjra  change  in  the  normal  curvature  of  tlie  cornea.  Thus 
we  often  find  a  deep  chamber  when  the  lens  is  absent  or  dis- 
located, and  also  when  a  Ijypersecretiuu,  as  in  the  case  of  serous 
iritis,  causes  it  to  be  pushed  backwards;  or,  again,  in  old- 
standing  cases  of  irido-choroiditis  or  cj'clitis,  when  a  retraction 
Ukes  place,  owing  to  the  shortening  of  organised  exudation  in 
the  vitPBOUs  chamber.  It  is  abnormally  deep,  too,  iii  coses  of 
conical  cornea,  cornea  globoaa,  and  staphyloma  of  the  cornea. 

Diminution  in  depth  of  the  anterior  chamber  results  from 
caoses  which  lead  to  advancement  of  the  iris  or  len?,  or  flatten- 
ifig  of  the  cornea.  Exclusion  and  occlusion  of  the  pupil  give 
rise  to  an  accumulation  of  atjueous  Ijumour  beliind  the  iris,  which 
is  coiwe<iueutly  pushed  forward,  and  the  chaml>er  in  tliat  way 
shallowed  Shallowing  of  the  chamber  is  also  met  with  in 
irlaucoma,  and  in  the  second  stage  of  intraocular  tumours.  In 
old  cases  of  irido-cyclitis,  too,  and  in  some  cases  of  detached 
Tetina,  the  anterior  chamber  is  shallowed,  owing  to  atrophy  of 
the  vessels  of  the  iris  and  ciliary  Ixxly,  and  a  consequent  diminu- 
tioo  in  the  secretion  of  aqueous  humour. 

Alteration  of  tlie  .i/(/ij?t  of  tlie  diamber,  retraction  of  the 
periphery,  and  advancement  of  tiie  pu])U!ury  jKirtion  of  tlie  iris, 
is  met  with,  and  is  an  important  point  in  the  diagnosis  of 
metaettattc  choroiditis  in  children,  or  what  has  been  called  pta-udo- 

The  cofUcnt^  of  the  ehamtjer,  too,  are  subject  to  imthological 
nhi'Tniions.  Thus  the  tmrmal  clnirm^ss  of  tlie  aqueous  is  dis- 
turbvfl  in  many  cases  of  iritis  and  in  glaucoma,  and  dishxation 
of  the  lens  may  take  place  int*^)  the  chamber.  Along  with 
M»{>tic  inflammaUon  of  tlie  cornea,  or  purulent  iritis,  or  cyclitis. 


276    DISEASES  OF  THE  IHIS  AND  CILIARY  BODY- 

pus  may  collect  in  the  chamber  (h}T)Opyon).  Injuries  to  tl» 
vessels  of  the  ciliary  body,  or  iris,  may  lead  to  a  collection  of 
blood  taking  place  in  the  chamber  (hyphtema).  This  conto 
of  hyphivma  may  occur  spontaneously  after  cataract  extractioa. 
iu  irido-cyclitis,  in  hemorrhagic  glaucoma,  or  intraocular  tuin(e 
It  has  also  been  met  with  rarely  as  a  kind  of  vicarious  ineB- 
^truation,  or  as  a  manifestation  of  the  hiemorrhagic  diathesk 
Finally,  foreign  bodies  may  lie  in  the  anterior  chamber,  and 
may  or  may  not  be  surrounded  by  purulent  exudation,  accord- 
ing to  their  nature  and  the  time  they  have  been  in  the  eye. 


CHAPTER  VIIL 


DISEASES  OF  THE  CnOROIl)  AND  VITREOUS. 


The  CiiOROin. — A  certain  portion  of  the  choroid,  viz.,  that 
wliich  lies  anterior  to  the  equrttor  of  tlie  eye,  is  altogether  hidden 
bxHn  view.  Vaiiiological  changes  affecting  this  portion  can  there- 
fon  odIv  he  inferred  from  the  symptoms  to  which  they  give 
ree.  The  rest  of  the  clioroid  is  also  more  or  less  concealed  hy 
the  pigment  contained  in  the  hexagonal  cells  of  the  retina. 
Wlien  thin  pigment  is  scanty,  the  larger  vessels  of  the  clu»roid, 
tA  vrell  as  llie  inter\'ascnLir  spaces,  are  visilile  on  account  of  the 
traasparency  of  the  rest  of  the  retina.  The  apj)earauce  pre- 
sented by  a  norntal  choroid  on  ophthalmoscopic  examination  is 
deteiilfcd  in  Chapter  I. 

The  blocx]  supply  to  the  choroid  is  mainly  through  tlie  short 
posterior  ciliary  arteries,  of  which  there  are  al>ont  twenty. 
These  vessels  enter  in  the  vicinity  uf  the  optic  nerve,  at  the 
back  of  the  eje,  and  do  not  anastomose  to  any  extent  with  each 
other  They  form,  however,  pretty  free  anastomoses  with  the 
rrcnrrent  branche^s  of  the  long  anterior  and  pasterior  ciliary 
arteriea  A  considerable  porti<m  of  the  anterior  part  of  the 
chonad  is  therefore  KUpph'ed  by  these  long  arteries,  an<l  either 
by  branches  from  the  trunks  themselves,  or  from  the  arterial 
rings  which  they  form  in  the  ciliary  brxly. 

The  blood  returns  through  veins,  the  arrangement  of  wliich 
16  verj'  different  from  that  of  the  arteries.  The  vena*  vorticosie. 
from  four  to  six  trunks,  collect  all  the  blood  from  the  ciioroid, 
as  well  ns  much  which  has  supplied  the  anterior  portions  of 
the  eye.  The  numerous  choroidal  veins  mainly  join  these 
tmnks«  which  j»ass  out  of  the  eye  near  its  equatf>r.  Some  open 
in'  — *nmoses,  which  are  formed  here  and  there  between  the 
t-  I'  vortex  veins  behind  the  equator  of  the  eye. 

The  choroid  Is  only  firmly  adherent  to  the  sclera  behind 
rtl  the  entrance  to  the  optic  nerve,  and  anteriorly  through  the 
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ciliury  body.  The  attadimeiit  to  the  sclera  in  other  situntinus 
is  merely  through  the  vessels  which  penetrate  that  membrane 
U^  reiK^h  the  choroid.  The  pigment  layer  of  the  retina  adheres 
closely  to  the  choroid,  so  that  when  the  ivtina  becouies  detached 
it  leaves  this  layer  behind. 

Four  distinct  layers  are  recognised  in  the  choroid  proper. 
These  are,  from  the  hexagonal  retinal  pigment  backwards — (1.) 
the  vitreous  membrane,  or  lamina  vitrea;  (2,)  the  layer  of  siiiall 
vessels  and  capillaries — the  chorio-capillaris ;  (3.)  the  layer  of 
large  vessels;  and  (4-.)  the  niembrana  suprachoroidea.  All  these 
parts  are  held  together  by  a  stroma  containing  pigmented 
and  unpigmented  cells  of  diH'erent  shapes.  Some  of  the 
cells  are  uiislriped  muscular  fibres,  the  function  of  which  is 
not  known. 

The  nerve  supply  of  the  choroid  is  through  the  ciliary  nen-es, 
wiiieh  are  branelies  of  the  third  and  fifth  cranial  nerves,  and  of 
the  sympathetic.  The  direct  or  long  nerves,  two  or  three  in 
number,  are  hrauclies  of  the  naso-ciliary.  The  short  pass  from 
the  ciliary  g^iiigUon.  Both  long  and  short  nerves  pierce  the 
seltra  not  far  from  the  entrance  of  the  optic  nerve. 

Chokoiditis. — As  the  extent  to  which  the  normal  choroid  is 
visible  witli  the  nplithidnioscope  depends  on  the  condition  of  the 
hexagonal  pigtiieiU  cells,  so  also  does  the  visibility  of  piitholo- 
gical  changes  in  the  choroid.  Considerable  altenitions  may  have 
taken  place  where  there  is  yet  nothing  to  l^e  seen  with  the 
ophthalmoscope;  indeed,  in  some  instances,  it  is  only  when  the 
pathological  process  in  the  choroid  involves  the  retinal  pigment 
cells  that  oiilitludmoscopic  changes  are  observed.  Strictly 
speaking,  then,  in  the  case  of  intlammations  of  the  choroid, 
characteristic  ophthalmoscopic  appearances  are  only  seen  when 
the  retina  is  inflamed  as  well, — that  is.  when  the  condition  is  one 
not  only  of  choroiditis  but  of  citarovlo-rdinitu.  From  a  clinical 
point  of  view,  however,  an  inflammation  Ix'giuniug  in  the  choroid, 
though  afterwards  spreading  to  the  outer  portions  of  the  retina, 
is  a  clioroiditis.  Such  iuflummatious  have  altogether  a  different 
origin  from  cases  of  true  retinitis,  or  inflammation  of  the  nerve 
elements,  or  of  the  connective  tissue  of  the  retina. 

luHammatiou  in  the  choroid  may  be  serous,  plastic,  or  puni- 
leaL  Choroiditis,  besides  causing  retinal  clianges,  may  give 
rise  to  more  or  less  marked  changes  in  the  transparency  and 
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ilency  of  the  vitreous.  In  two  distinct  clinical  fomis,  too, 
scIcT*  is  at  the  sftnie  time  weakened,  so  that  alterations  in 
tbc  shape  of  the  eye  take  place,  leading  to  more  or  less  disastrous 
oonaequences. 

There  is  a  gre^t  temli^iic y  ttt  a  patt'hy  arrangement  in  choroidal 
inlLunmation,  or  to  what  is  called  ilissf  luinateil  choroiditis,  but 
in  «<m]e  cases,  and  more  especially  in  the  serous  and  purulent 
varieties,  the  inflammatory  changes  are  diffusetl  over  the  whole 
meiiihrdne. 

It  is  difficult  to  arrive  at  any  very  satisfactory  classification 
of  cnsets  of  choroiditis,  for  the  reason  that  it  does  not  seem 
possible  to  te!l  with  any  degree  of  certainty  to  what  juithological 
changers  particular  objective  appearances,  as  revealed  by  the 
ophthalma^cn]>e,  are  due.  In  fact  it  is  certain  that  much  the 
P«im(*  appettrances  may  l»e  presented  ]>y  ver}'  diftereut  processes. 
While  au  anatomical  classiticatitui  may  be  interesting  from  the 
|n>ini  of  view  of  scientific  patholog3%  it  is  of  little  use  in  the 
practical  or  clinical  sense.  The  following  clinical  types  are,  I 
think,  sufticiently  distinctive  to  justify  their  l>eing  separately 
coDcidereil : — (1.)  Disseminated  choroiditis,  atrophic  and  exuda- 
tive; (2L)  Senile  central  choroiditis ;  (.*V)  Syphilitic  choroiditis; 
(4.)  Sclero-choroiditis,  anterior  and  posterior:  and  (0.)  Purulent 
chon^iiditis  (traumatic,  emlx)Iic.  ami  metastatic). 

Di^otrminaffii  ChorifuHtiA. — The  ophthalmoscopic  api>earauces 
met  with  in  disseminated  choroiditis  arc  due  to  localised  exuda- 
tioni^  into  the  choroid,  alterations  in  the  retinal  pigment,  and 
eventualh'  also  to  atrophy  of  the  choroidal  strom*L  The  patches 
••f  tfxiidation  and  depeneration,  which  sooner  or  later  Ijcconie 
viaiblf.  vary  greatly  in  sha|Mj  and  size.  Their  average  size  may 
be  perhaps  roughly  taken  as  about  one-quarter  of  the  disc  in 
diAtneter.  Tliey  are  often  ajiproxinuUely  circidar,  but  they  may 
1»  of  any  other  form,  not  unfrequeutly  ci-escentic,  or  dumb-bell- 
shaped.  By  their  conHuunce  they  assume  all  kinds  of  irregular 
foniw.  They  ilifler  in  ap^>carance  according  to  the  stage  arrived 
at  by  the  inliammatirtn.  Different  foci  of  iuHammation  may 
eichiUt  different  stages  at  the  same  time.  In  the  1>eginning  the 
isjNits  are  yellowish,  or  reddish  yellow,  and  show  bttle  or  no 
trace  of  choroidal  vessels.  Their  margins  are  not  very  sharply 
defined,  and  there  is  occasionally  some  degree  of  prominence 
evident.    These  appeanmces  correspond  to  the  stage  of  hypcra^mia 
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ftTid  exudation.  Old-standing  patches,  which  havereaclipl' 
may  be  calle<l  the  degenerative  stage,  are  white,  with  uaco' 
the  remains  nf  choroidal  vessels,  and  they  are  not  prommal^ 
their  tntirgiiis  are  sharply  defined,  even  punched-«ul 
anil  often  bordered  with  pif»nient.  The  white  appeanuiCf  (rf tte] 
patches  is  due  not  only  to  the  cicatricial  chan<;e5  whitii  tike: 
place  in  the  exudation,  but  to  more  or  less  retieciion  i**  td 
from  the  .sclera,  which  is  less  obscured  than  when  coYfrwl  tf 
normal  choroid.     As  the  transition  from  one  sUi^  ^'  't^'tbfl 
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takes  place,  the  change  to  white  is  seen  first  to  occur  in  lb* 
centre  nt"  tiic  patches. 

While  the  characters  just  described  enable  one  to  distiu^'Uii" 
the  evident  exudative  from  the  evident  degenerative  slHg^' 
there  are  many  cAses  where  the  dia^^nosis  cif  the  stage  la  by  o^ 
means  easy,  and  may  be  impossible.  Tliis  is  the  case  luiiiul!' 
where  the  principal  changes  seem  to  Ite  limited  U)  the  pigincut 
layer  of  the  retina.  The  choroidal  structure  is  then  well  seen 
in  the  area  of  the  patches,  and  the  main  difference  caused  I'J 
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iinjf,  w  iu  tlie  luiiuunt  and  armngciiH'iH  of  tlie  jiigmeut  masses 
l*>nlerinK  them. 

Vttrioiis  (iift^rent  pnxresses,  all  of  which  are  hardly,  strictly 
fpeakiug,  irilluintnuUjn*,  may  give  rise  to  similar  choroidal  patches. 
There  may  be  localised  absorptions  an»l  proliferations  in  the  ])ig- 
naciiC  layer  alone;  proliferation  leailing  to  localised  exr.ri\scnnce8 
on  the  lamina  vitrea.  and  associated  with  similar  pigmentary 
tliAi^es;  localised  patches  of  atrophy  in  the  chorio-capillaris,  or 
of  exudation  iii  the  stroma  of  the  choroid.     In  a  not  \iucommoD 


Frc.  SO.  — DtmeminaCcd  choroidilia  (rooent). 

^•riety  of  disi^emiuatcd  choroiditis,  which  variety  seems  usually 
to  be  a  manifestation  of  hereditary  syphilis,  the  j:«tches  are  small, 
^Uvular,  nntl  U>ixlcre*I  hy  tiense  rrescoutic  masses  of  pigment.  In 
%cmt  cases  of  choroiditis  tlic  pigmentary  changes  are  not  limited 
to  tiie  rcjfion  of  the  patches  in  the  choroid,  but  are  njet  with  in 
iKethapeof  irregular  spots  in  the  more  superficial  j)arts  of  the 
rfttioa.  Choroidal  patches  may  form  first  in  the  region  of  the 
ef|iijitor  of  tJic  eye,  and  gradually  invade  more  and  more  of  the 
r|ioroid,jrpreading  towards  its  central  portiou.as  well  us  anteriorly 
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(ir  tliey  may  be  confined  to  the  region  of  tlie  papilla  and  macali, 
u  form  of  (lisacminatied  choroiditis  which  is  not  uncommon,  and 
to  which  Forster  has  given  tlie  name  of  areolar  choroiditit 

It    is   hardly  possible   to  say   from    the   ophthalmoecopk 
appearances  in  any  case  of  disseminated  chonnditis  to  whil 
extent  the  vision  has  l>een  reduced.     In  many  cases  theiuotf 
extensive  oplithalmoscupic   changes  are   met  with  where  the 
visual  acuity  is  found  on  examination  to  be  hardly,  if  at  al 
subnormal.     Often,  however,  in  such  cases,  where  the  ^^?io^  b 
found  tt)  Ihj  so  good,  there  is  some  degree  of  night-blindness,  an-l 
almost  always  the  patient  complains  of  a  cloudiness  in  fromd 
tiis  eyes.    The  subjective  symptoms  are  altogether  more  marked 
in  the  exudative  than  in  the  atrophic  forms  of  the  inflammation 
the  oeeunenee  of  fresh  patches  of  exudation  being  accompAiikii 
by  subjective  sensations  of  light  and  colour,  as  well  as  l)yiH.a-- 
tive  scotomata.      The  degree  of  visual  disturbance  and  other 
subjective  symptoms  seems  to  depend  in  great  meaanreon  the 
site  occupied  l>y  the  patches  of  inflammation.     Patches  at  or 
near  the  macula  necessarily  cause  much  greater  interferenrt 
with  visitm  than  those  situatetl  more  peripherally.     One  ire- 
(luently  sees,  for  instiuice,  in  the  case  of  the  areolar  fona.  thf 
vision,  which  has  hitherto  been  more  or  less  good,  all  at  "iKe 
bet-onie  very  much  detcrionited,  without  any  marked  chaiue 
beiui,'  visible  in  the  ophthalmoscopic  appearauce&    Tlie  rw>''i. 
(tf  this  is,  tliat  a  fresh  patch  has  formed  at  the  fovea,  or  it  iiiiij 
Ite,  fi  i)re\'ioiisly  existing  change  in  that  situation  has  r^o  m' 
idtered  as  to  involve  the  percipient  elements  of  thei*eiina,  whk;; 
u]»  to  tliat  time  liave  escaped.     Central  patches  give  rise  al  tiK 
to  tlie  Jippoarant-e  of  distortion  of  objects  looked  at,  or  iu(t"iy  - 
ji/ntpsiff.     At  Ji  later  stage  this  may  be  foUowed  by  a  i»ts:rA'- 
seotniiia,  or  a  blind  sp<it,  of  which  the  patient  is  eonsciuii>.  xi'i 
wliieli  he  ])rojocts  in  front  (tf  his  eye  as  a  clouded  or  hU^ 
fiijure.  the  size  of  wliich  increases  with  the  distance  of  tlie  pla"^' 
of  ]>rojection. 

The  scotoma  is  at  first  only  seen  in  subdued  light,  and  eli';ti" 
away  us  tlie  surrounding  illumination  becomes  greater,  or  tU' 
object  fixed  is  brighter.  In  testing  for  positive  scotomaia^tln'r* 
fore,  the  test  sliould  be  made  in  subdued  light. 

The  nietamoriihopsia  is  due  to  a  change,  produced  by  tU 
exudation  or  other  alteration  of  the  choroid,  in  the  relati^' 
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ions  of  the  [»ercipient  elements  of  the  retina,  wliich  caiwes 
rewncte  iu  the  external  projection  of  the  impressions  which 

receive.     In   the  wiflt*  of  a  fresh   t^xmlation,  the   retinal 

;nta  are  ahuormally  se|>anite<l,  so  that  a  smaller  umnl»er  of 
iMits  come  to  occupy  the  same  superficial  iirea  as  liefore  ;  or, 

her  wortls,  the  same  nimilier  of  elements  are  spread  over  a 
ir  area,  than  uuJer  ni.>rmal  circumstances.     The  image  of 

obJLvt  fulling  on  such  an  area  pn^hices  stimulation  of  a 
^r  nmutxT  of  ix»tinal  elcuiPiit'*  tluui  it  would  otherwise  do; 


Fra.  81. — Diaeemiimtcd  choroidikia  with  marked  pitpueotary  chjwges. 

"Ut  thp  pn»jection  being  iinaltered,  this  is  not  compensated  for. 
*^ii<l  the  ohject  appears  diminished — that  is  to  say,  such  changes 
^"^'^  rise  to  vticropstH.  On  the  other  hand,  the  shrinking  residt- 
'og  fnaa  the  contraction  of  an  old  ejcudation,  nr  from  some 
iUrTi|,lijp  cimnge.  may  lead  to  a  greater  approximation  of  the 
ffeliiiitl  elrnicnta  in  the  area  involved,  wi  tfint  tlie  aiuie  numlter 
^'  **lyment«  come  to  he  spread  over  a  smaller  spW'C  tlian  they 
"'iffinally  iK-cupied.  Such  an  iipproximation  gives  rise,  for 
^^ikv  reasons,  to  an  unnaturally  large  apparent  imago,  or  to 
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Forster,  who  was  the  first  to  explain  the  cause  of  retii 
inetamorphopsia,  pointed  out  that  the  micropsia  increases  a9ll 
distance  of  the  object  from  the  eye  becomes  greater.  In  ll 
way  retinal  is  distinguished  from  accommodative  micropsa.  ] 
is  as  well  to  bear  this  in  mind,  as  a  defective  accommodatiaB : 
not  infrequently  met  with  in  cases  where  the  choroiditia  is  «crt 
more  especially  in  the  syphilitic  form. 

The  best  method  of  testing  whether  or  not  any  meUnw 


w 


i 
1 


¥lii.    8"J. — Showing  distortion  of 
immllel  linea  round  point  of  fixation 

— micropsia. 


Fig.  83.— Showing  distortion  c 
parallel  lines  in  the  case  of  foit 
ropaia. 


phopsia  exivSts  (and  it  may  be  present  without  being  sponte 
ously  complained  of)  is  to  cause  the  patient  to  fix  a  mark 
the  middle  of  a  number  of  parallel  lines,  a  few  millimetres  up 
and  to  say  whether  they  appear  to  him  to  run  parallel.,  oi 
bend  outwards  or  inwards  at  any  particular  place.  In  this  i 
we  may  detect  not  only  the  existence  of  a  localised  nietan 
phopsia,  but  also  whether  we  have  most  probably  to  do  wit 
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exudation  cansiDg  a  distension,  or  an  old  exuilnlion  or 
atrophic  change  which  has  led  to  a  contnuction  and  approxima- 
lion  of  the  retinal  elements  in  tlie  corresponding  area. 

BesitlaH  the  defect  in  visual  acuity  caused  by  changes  in 

thi«  exitTiml  layers  of  the  retina,  there  may  lie  other  changes 

which  have  more  or  less  intlueuce  on  the  vision,  according  to 

Ae  Bite  of  the  choroidal  exudations.     Wlien  the  area  attacked 

^  in  close  proximity  to  the  papilla,  there  is  often  found  to  be 

^ij^penemia  of  the  disc,  with  sfime  interference  with  the  trans- 

ncy  of  the  vitreous.     This  hy]>era'niia  is  the  result  of  a 

'Xicipation  hy  the  scleral  vascular  ring  in  the  congestion  of 

^     choroidal   vessels.      Again,  an   extension   forwards  of    thu 

*^J^4amatory  changes  is  apt  to  bring  about  a  complication  ^vith 

*"   V  or  even  iritis.     What  the  exact  connection  is  between 

:    ilitis  and  opacities  of  the  vitreous  is  not  very  clear,  more 

**I**cially  why  such  ojmctties  should  occur  in  some  cases  and 

^*^   in  others. 

The  <ti*}l(Hjy  of  disseminated  choroiditis  is  very  often  obscure. 
^  number  of  coses,  and  more  pirticulaily  of  the  exudative 
^•^tiety.  art*  probtibly  syphilitic.  It  is  very  uwoomnion  in 
'"■Uldrvii.  in  whom  it  is  mostly  a  manifestation  of  inlierited 
^vpiidLs. 

Ttf^itmrni. — In    the   cases  which   are   of   syphilitic    origin, 

ti-syphilitie    treatment    on    the    usual    lines   will    often    be 

toQtid  to  be  of  use.     But  great  hann  may  be  done  by  treating 

«Hher  cases  in   tlie  same  way.     Tliis  is   more  particularly  so 

where  the  choroidal  inHanunation  occurs  in  yoimg  people  or 

i'<»in««  »»n  after  some  debilitating  illness.    Fresh  air  and  moderate 

with   tfinics,  especially  iron,  are  most  useful  in  such 

Cheerful  nurroumlings  and  change  of  air  tue  also  to 

\m  rocuEnwended.      It  is  certainly  a  luisUike  to  C4>nline  such 

pfttientB  to  a  more  or  less  darkeneil  room,  as  is  often  done, 

TbejT  may  be  given  dark  glasses  to  wear  outside,  l»nt  shouUl 

ntit  as  a  nile  be  put  nnder  any  more  severe  restraint.     AVet 

for  half  an  hour  every  morning  sometimes  appcjirs  to 


Skxilc  Central  Chokoimtis.— AMien  the  vision  of  old 
|ieople  slowly  but  steadily  detojiomtes,  and  when  on  examina- 
tiuD  it  t«  found  tlutt  the  tield  of  vision  is  normal  iu  extent  in 
all  direcUoua,  while  with   tlie   ophthalmoscope  the  lens  and 
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vitreou3  are   8eeii    to   be   cleur.  a  careful   exploraiiou  ul 
macular  rtigion  bIiouUI  be  iiiada     For  this  purpose  i[  is 
rally  necessary  to  dilate  the  pupiL    The  cause  of  tliis  p 
defect  will,  in  such  cases,  very  often  be  found  to  be  au  < 
in  the  choroid  innuedintely  behind  the  macula. 

If  seen  at  an  early  stage  the  a|)peamnce  presented  bj 
disease  is  that  of  a  reddish  or  reddish-yellow,  usunllv  ii 
larly  oval-shaped  patch,  often  only  very  slightly  «li(ierinf'l 
colour  from  the  rest  of  the  f undu£.  but  always  presenting  % 
definite  outline.    Afterwards  the  patcl)  assumes  a  more  lU 


J  T  u 


Fid.  S4. — t^onile  ucatml  choroiditis. 

aspect,  nnd  the  cnlniii-  then  presents  a  greater  contrast  t"  ^^ 
of  the  8urrouiidin>i  parts;  the  edges  become  more  ini^galfli  ^ 
Ijordered   by  pigiuLMiL.      The   [Hitcli  almost  alwtiys  ajijiears  u' 
both  eyes,  tlKJii^di  often  when  Hrst  seen  it  is  further  advutt 
ill  one  eye  than  in  the  other.    As  a  rule  the  patch  is  littltMU* 
than  half  the  size  of  the  papilla,  but  it  may  be  consideral 
lar>{er. 

The  condition  give«  rise  to  metamorphopsia  and  to  the  apl 
juice  of  a  positive  scotoma,  of  the  existence  of  which  tlu*  pi»tw 
is  more  or  less  conscioua     Central  tixntion  is  eventu^Uly  a'» 
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so    that  the   visual  acuity   is   re<iuced    to   ^^    or   u 

with  c^ntnil  choroiditis  are  therefore  uuahle  to  n»d 

priut,  but  (io  uot  become  rjuil**  bliml.  as  there  ia  no 

cy  for  the  condition  to  Bpread  t<>  other  (lartfi  of  llie  ejc 

a  account  the  protjuosU  is  so  far  good,  and  it  is  therefow 

isiJenihh'  pnicticu]  inij>ortJinee  to  nuike  a  eirrrei't  iliagnoeis, 

Hot  confound  the  condition  with  anr  atfection  which  mar 

ly  proceed  to  blindness. 


-  u 


Fro.  85.— Aciite  diffuw  cburokUtM.  »itli  hjf^wiwii  «^  iImc  •aA 

vitreoiM  ' 


Xo  trattment  appears  to  liave  any  influence  wh»t«ver  on  Utis 
dieftwe. 

SYpHitmc  Choroiditis, — While  tmuiy  cliingrn  raoognlMil 
with  the  ophtluilnjnsc<Di)e  as  choroi<Lil  are  more  or  leai  direetljr 
tht>  ivfiult  of  ^vphiliH.  there  is  one  foru  of  acute  Infianinwitaa 
w*»ich,  if  not  invariably  a  manifesUti^in  of  syphilia,  is  w  at  ali 
e^iinte  in  the  vast  majority  of  casoL  Thw  form  ■eenu  firat  U$ 
*»ave  been  descrilied  by  Jtic4>b0on  aa  ayi^hilitic  jHimtia,  and 
*^*^  authors  still  retain  the  name.  Forater  bo«ev«r,  pretty 
"fefimiely  demonstnited  liie  true  cborotdiU  natme  <rf  the  alEee* 


M 
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tiou.  It  ia  a  late  secondary  or  early  tertiary  symptom  i 
syphilis.  In  more  than  half  the  cases  met  with,  traces  of  odn 
secondaiy  manifestations  are  found  at  the  time  of  the  ontbrok 
of  the  choroidal  inflammation.  It  ia  most  frequent  in  eldair 
individuals,  and  appears  altogether  more  likely  to  make  ill 
appearance  in  cases  where  syphilis  is  acquired  late  in  \k 
Sometimes  the  choroiditis  follows  after  a  few  months  ( 
attack  of  iritis.     It  is  mostly  met  with  in  both  eyes. 

The  oljedivc  symptams  are  often  very  slight,  viz.,  h}'perHi^ 
of  the  disc,  with  faint  haze  of  the  surrounduig  retina,  and  at  the 
«imo  time  a  fine  diffuse  opacity  in  the  vitreotis.  The  hazy 
ai>peanince  of  the  retina  is  partly  due  to  the  veiling  bv  the 
opacity  in  the  vitreous,  which  is  always  most  dense  in  the 
central  portion,  and  partly  to  serous  exudation  in  the  miia 
itself.  It  clears  up  to  some  extent  as  the  eye  remains  in  m 
position  during  the  examination,  owing  to  the  sinking  down  of 
the  vitreous  opacities.  In  a  number  of  cases  the  opacities  are 
much  more  dense,  and  render  the  details  of  the  fnndiis  more  or 
less  indistinct.  In  all  there  \b  a  great  tendency  for  them  if 
continue  for  a  long  tune,  or  to  disappear  and  reappestr  al 
intervals.  In  short,  the  constant  association  with  more  or  K^ 
dense  opacities  of  the  vitreous  is  one  of  the  charucteristi'; 
symptoms  of  this  disease. 

'hit!  diminution  in  vision  varies  much  in  different  ctises,  au'l 
the  ju'uity  does  not  altogether  appear  to  corresiX)nd  to  il"" 
ophthahuoscopic  changes.  When  the  vision  is  very  defot'live- 
less  thiin  tjVo — the  vitreous  opticities  are  prolwMy  al^^ip 
dense.  Ilie  defect  ia  often  found  to  be  relatively  greater  in  the 
more  central  porti(tn  of  the  field  of  vision  tlian  it  is  towanl* 
the  periph(*ry.  Often  a  ring  or  belt-shaped  areii  of  the  tit-R 
wliifh  is  functionally  normal  or  nenrly  normal,  iui»y  '^ 
found  surrounding  the  defective  central  ure-a.  The  ring  m;iy 
cither  be  complete  or  interrupted  in  one  or  more  pla*"^-- 
Considerable  difJerences,  however,  occur  in  the  shape  of  th*^ 
field  of  vision. 

Very  characteristic  of  this  disease  is  an  enormous  difteivmr 
in  the  acuity  of  vision,  as  well  as  in  the  fonn  of  the  field  oi 
vision,  found  on  examination  at  one  time  in  a  feeble,  at  anotha 
in  u  stronjj  illumination.  There  is  in  fact  often  most  marked 
night-blin(hiess.     Thus  one  frequently  finds  that  a  i>atieut  wIk' 
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lot  read  even  large  print  when  still  sufficiently  illuminated 
t  to  cause  any  pcrct'i>til>le  diminution  of  acuity  in  the  vision 
the  normal  individual,  is  nevertheless  able,  when  the  illum- 
^on  is  strong,  to  read,  though  it  may  be  not  without  some 
BSoulty.  the  very  sninllest  print.  He  requires  a  more  powerful 
^t  than  is  necessary  under  normal  conditions  to  evoke  the 
U  functional  activity  of  the  retime  On  the  other  hand,  when 
it  is  strong  enough,  differences  in  degree  of  intensity  may 


Fie.  86. — Choroiditis,  with  lo&rked  (JiAturbance  of  rvlinal  pigment. 


^  Appreciated  in  a  manner  which  does  not  greatly  differ  from 
^©  normal 

Kiia  fonij  of  defect  of  the  light-sense  is  more  or  less  charactt'riHtic 
cliaroidal  cluinges,  and  is  one  reason  for  considering  the  disefl»« 
v^Qestioii  t<)  be  o»seiitinlly  an  inflammation  of  the  choroitl,  and  not 
the  rotina.     Tlu?  prpsonro,  too,  of  opacities  in  the  vitrfjoiis,  the 
'^^'ional  ftAi*oc.iation  with  iriti?,  as  well  as  the  subsequent  ophtlmlmo- 
^pic  chan^^  met  with  in  the  more  severe  cases, — all  charactorij'c 
^  inllaiuniation  as  choroidal 

Subjective  sensations  of  light  are  often  complaine<l  of.  and 
c^  sometimes  painfully  persistent.    They  originate  in  tlioae  parta 
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of  the  retina  which  are  aflected  by  the  subjacent  iuflunniintory 
changes,  and  are  intensified  by  stronj^  light,  or  by  anvlhing 
•which  temporarily  increases  the  actN>n  of  tlie  he^rt.  Such  sub- 
jective hgbt-sensutions  do  not  render  the  vLsiou  any  woi«e; 
although  tliey  may  be  projected  over  an  objwt  Iix»ked  at,  thej* 
do  not  iutei-fere  with  its  distinctness. 

MetJUiioi']thopsiH,  and  especially  micropsia,  is  a  ven.'  fri'ipieut 
symjitom  of  acute  sy}ihilitic  choroiditis.     The  micropsia  \a  often  ^ 
extremely  luiuked,  and  more  so  for  objects  held  at  some  distance  ■ 
from  the  eyes.     It  is  most  apparent  to  the  patient  where  the 
choroiditis  exists  in  one  eye  only. 

Acute  syphilitic  choroiditis  may  be  recovere<l  from  with- 
out leaving  any  trace,  and  with  ]ii*rfect  restoration  of  vision, 
ALirL'  frequently  some  defect  i»f  vision  remains,  due  to  the 
persistence  of  opacities  in  the  vitreous  and  the  ;^dual 
development  of  changes  in  the  choroid,  wliich  have  much  the 
appearance  of  otlier  forms  of  disseminated  cJioroiditisc  Occa- 
sionally very  dense  opacities  remain,  and  these  cases  ard 
usually  associated  with  iuflamraatory  changes  in  the  iris  and 
ciliary  body  as  well. 

Wlien  considerable  defect  in  vision  remains  after  llie  lirst 
month  or  two  from  the  bejjinuin^  of  the  iuttammation,  ophthal- 
moscopic changes  are  sure  to  Ik*  nuH  with  in  the  elioroid.  One 
form  which  these  changes  may  txssume  has  very  much  the 
apiM^arariee  t>f  retinitis  pigmentosit 

Typical  cikses  of  retinitis  piguientosii  are,  however,  quite  iHtfervat 
from  the  vnriety  following  severe  syphilitic  choroiditis,  and  are  easily 
recognisiMl  hy  the  delicato  shaiiea  of  the  [ligment  dep<»siteil  iu  tli* 
retina^  its  it-Iatiou  to  the  vessels,  and  the  ahsenco  often  t»f  any  Jis- 
uppearance  of  the  pigment  of  the  liexngonal  cells,  and  always  of  any 
marked  atrophic  cliJiigL'^  in  the  vossela  of  the  choroid.  Casoa  uf  true 
retinitis  pignjentusa  then,  io  whieJi  the  pigment  is  scJiltrrod  over  % 
funtlns  which  reMecta  a  unifona  red  or  rwKiiah-yellow  light,  and  in 
which  the  strticture  of  the  elioroid  is  more  or  less  conipletely  hiild^'O, 
cannot  possibly  be  mistaken  ior  the  degenemtive  form  which  followri 
chorciiditia.  It  caiUMt  be  denied,  liowever,  that  in  ftonie  less  typical 
cases  tlie  diilerentiul  diagnosis  l^etweeu  the  true  aud  what  may  be  calM 
the  syphilitic  or  spurious  vanety  is  not  without  difficulty.  ProWbly 
in  the  «y]>hilitic  tyjje  tho  deposits  of  pigment  are  never  as  delicut^  in 
form,  and  tho  choroidal  changes,  more  espwMally  in  the  way  of  atrophy 
of  the  veasels,  more  complete,  while  ut  the  same  time  the  n?lrttiv« 
perfection  of  the  central  ima  compared  with  the  iieripheral  vision,  whi 
the  blindness  is  not  comj>lcte,  is  less  pronounced. 
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The  best  ireaiment  is,  no  doubt,  the  mercurial,  and  prefer- 

*Wr  bj  inunction,  coutinuttd  a«  lon^'  as  possible  without  giving 

nae  to  stomatitis,  a  niulhod  of  treatuieut  ab*eady  fully  referred 

to  in  connection  with  aypliilitic  iritis.     At  the  same  time,  it 

^"uld  ap7"ear  to  be  of  not  a  little  importance  to  keep  the 

ptttJent  in  semi-darkn&ss.     This  may  be  done  bymakiug  him 

***©   ^embly  dark  smoked  glasses,  of  such  a  sliape  as  to  exclude 

"pl^*t»  coming  from  the  sides,  as  well  as  from  the  front.     He 

*'*<-*vild  al   the   same    Lime  avoid  stimulants  and  any  violent 

^*^»tdae,  and  be  altogether  prohibited  from  making  any  attempt 

*^   *^eading,  or  using  his  eyes  for  any  work  necessitating  accom- 

****>^iAtion,  or  a  strong  illuminatiou. 

AxTERiOK  ScLEUo-CHORoiDrna — In  this  variety  of  choroidal 

^*^ttanimati(ni,  there  is  a  participation  of  the  overlying  sclera  in 

^**t*   inflaiuntatory  proceiw.     Frequently  tliis  leads  to  a  weaken- 

*^^^  of  tlie  jKjrtions  of  sclera  involved,  and  a  consequent  staphy- 

*^tuA.  or  bulging,  due  to  the  jnelding  which  then  takes  place 

^<^   the    pressui*e    from   within   the   eye.     The   changes   which 

^iwur  in  the  choroid  cannot  Ijc  seen  with  the  ophthalmoscope, 

ft»  tliey  ore  confined  to  that  part  which  lies  iu  front  of  the 

♦^inator  of  the  eye. 

Tlie  disease  occurs  in  an  acute  and  a  chronic  form,  and  may 
Ij  give  rise  to  very  difierent  changea     Even  acute 
Vf  go  on  for  many  months  before  the  eye  comes  to  rest, 
while  the  chronic  form  la^ts  for  yejirs. 

Acute  anterior  ncUro-rJutraiffifU  generally  attacks  a  circum- 
scribed portion  of  the  sclera  and  choroid,  iu  the  neighbourhood 
44  the  irln,  but  the  complete  zone  sun'oimding  the  cornea  may 
bo  involved.  The  sulKionjunctival  tissues  over  the  site  of  the 
infiamiQation  become  hy|>eni'mic  and  swollen,  just  as  in  the 
muro  »u|^.rficiitl  episcleritis,  thougli  there  is  less  tendency  to 
localisation.  The  pain,  too,  is  pretty  severe,  while  episcleritis 
is  remarkably  painless  as  a  rule.  The  infiltration  soon  spreads 
Ui  the  ciirnea.  and  often  to  tlie  iris  as  well,  giving  rise  to 
vytiechifle,  and  other  changes  characteristic  of  iritis.  The 
inifltrtttion  in  tlie  cornea  may  ^x^  so  den.sc  that,  when  the  in- 
dammation  has  subsided,  it  often  looks  just  as  if  the  sclera  had 
4TDcroaciicd  on  the  cornea,  a  condition  sometimes  sjxiken  of  as 
^trviuing  kera(iti4,  which  abolishes  tlie  natural  regular  border 
between  Uie  cornea  and  sclerii.     In  old-standing  cases,  in  which 
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there   have   heen  repeated   attacks  of   the   iiiflamtnaliim 
margin  of  the   clear   cornea  becomes  in   this  way  ■'**^' 
irregular.      In  very  severe,  diftuse,  long-continued 
^BBt'Ierotising  of   the  cornea  may  be  complete,  and  the  wtJi 
"  ftuteriur  part  of  the  eye  thus  become  opa<[ue.  and  more  or 
flattened. 

In  the  chronic  fti}'vi  of  the  inflammation,  the  inflamed  i« 
idergoes  atrophic  changes,  and  becomes  tliiunetl  Ii  thei 
iually  assumes  more  and  more  of  a  bluish  or  grenah-W* 
and  as  at  the  same  time  tliere  is  often  an  iuitetiiJ 
^Secretion  and  abnormally  high  tension  in  tlie  eye,  as  the  iwil* 
of  the  associated  iritis,  this  discoloured  area  slowly  begins  I* 
yield  and  bulge  forwards.     This  gives  rise  to  variouHly  shi(«>l 

» protrusions,  or  stapliylomata.  The  staphylomata  may  form  tt , 
the  cornco-scleral  mnrjjin,  over  the  ciliarv  region,  or  w»tijewl«l' 
further   back,  or  all  these  parts  may  be  at   the  same  n» 

I  involved  in  the  protrusion. 
There  is  rarely  much,  if  any,  pain  exi>erienced  by  thu 
gradual  distension,  which  may  occupy  years  in  arriving  at  «iy 
great  size,  and  generally  takes  place  after  the  vision  lias 
very  consideraldy  reduced.  In  the  acute  c«ses  there  i» 
both  spontaneous  and  on  jiressure,  over  the  inflamed  orw. 
From  the  stretching  i>f  the  retina,  too,  patients  complain  ^ 
subjective  sensations  of  light. 

One  marked  peculiarity  of  the  disease  is  its  int^miittrtl 
character.  DilTereut  portions  of  the  anterior  part  of  tN 
choroid  and  sclera  are  affected  on  successive  attacks.  It  appetl 
to  l>e  considenibly  moi-e  common  in  women  than  in  men.  Ul 
is  most  liable  to  occur  befitre  tlie  age  of  full  growth  is  attaiM 
It  is  believed  by  some  to  be  connected  with  uterine  disonku 
Undoubtedly,  in  some  cHses,  such  a  connection  existed  bat  i 
my  experience  this  is  mare  fre<iuently  not  the  case.  Chrwd 
artliritis  is  not  uncommonly  met  with  in  patients  suQenog  M 
this  disetise. 

Thv  prognosis  is  always  bad,  and  worse  in  the  chronic  t 
in  the  acute  form. 

In  the  treatment;  any  state  of  the  geneml  health  wtu 
appeals  likely  to  have  a  bearing  on  the  lot-al  afteciion  m 
Ije  attended  Co.     The  digestive  functions  more  especially 
quire  atLentiou.    Anti-rheumatic  treatment  will  often  be 
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liere  there  are  distinct  riieumatic  luanifestatiana  elsewhore. 
Xi  such  cases  a  visit  to  Harrogate,  Btixton,  AViIdl>a<l.  or  Mai-ien- 
■*o<l,  may  ilo  goixl.  Antiplilogistic  treatment  ia  required  fur  the 
•«^»cal  ctmdition  when  it  presents  itself  in  the  acute  form. 
i-««"x^hing,  mercurial  inunctions,  pilocarpine  injections,  &c.,  are 
*^Vkeii  of  more  or  less  service.  At  the  same  time,  as  complete 
^^^eat  as  possible  must  lie  given  to  the  eyes,  and  dark  glasses 
^onsuntly  worn. 

Besides  the  medical  treatnient,  the  (juestion  of  surgical 
'^'Oterfereuce  has  often  to  l}e  considered.  Operations  must  not, 
*rever,  lie  lightly  overtaken,  as  they  may  pro*luce  immediate 
subfieijueut  bad  residts.  Thus,  if  an  iridectomy  be  jwrformed 
some  old-standing  cases  where  there  has  l)een  tldnning, 
treous  may  escape  in  considerable  quantity,  owing  to  fluidity, 
^^  to  disease  of  the  zonule,  and  l)e  followed  by  serious  couse- 
es^  The  operation  is  indicated  in  cases  where  the  tension 
markedly  increased,  and  iu  which  there  is  not  any  excessive 
^taphylomatous  change.  In  all  casc-s,  great  care  must  W  taken 
to  obtain  a  speedy  healing  of  the  wound,  and  to  avoid  any 
*^tching  of  the  iris  in  it.  In  some  of  the  more  fiersistent  cases 
Of  the  acute  sclerotising  form,  I  have  obtained  very  sati.sfactory 
^e8ults  by  performing  peritomy ;  iu  other  cases,  apparently  very 
similar,  this  operation  is  of  little  use.  When  the  eye  lias  come 
to  rest  after  peritomy,  an  iridectomy  may  be  done  as  well.  This 
seems  advisable  as  a  prophylactic  measure,  considering  tlie  gi-eat 
tendency  there  is  to  recurrence.  It  is  all  the  more  cnlled  fur 
whfu  synechiiE  have  resulteti  from  the  accompanying  iritis,  biit 
the  contra-indications,  already  referred  to,  must  be  borne  in 
mind. 

I'osTERioR  ScLKHo-CnoHomrTis. — SUtphyloiiui  Poitticum. — A 
similarly  slow,  degenerative,  inflammatory  change  of  the  choroid, 
with  thinning  of  tlie  convspiuuUng  portion  of  sclent,  takes  place 
at  the  back  of  the  eye.  Staphyloma  p(»sticum  is  mostly  found 
to  the  outer  side  of  tlie  papilla,  hut  may  extend  all  roumt  it  and 
involve  the  macula  as  well.  .Tust  as  in  the  anterior  form,  this 
inHamed  area  yieMs  to  the  intraocular  pressure.  In  this  way 
a  true  staphyloma  posticum  is  produced.  Tlie  name  sttrpliyloma 
pijsticiuu  is  given,  Jiowever,  to  very  varying  degrees  of  defect 
iu  the  choroid  in  the  imme<liate  neighbourhood  of  the  disc.  Th*^ 
defect  may  be  merely  due  to  tlie  aperture  in  the  choroid  at  the 
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site  of  tile  eutiuucu  of  the  optic  nerve  being  larger  ihwi  ibatii 
the  sclera,  whereby  the  scleral  ring  bec-ome-s  briHuieiied 
outer  side,  showing  as  a  crescentic  white  patch  wiih  iu 
inurgiii  uext  the  disc.  Sucli  a  crescent  may  l>e  luct  willi 
with  all  states  of  refraction,  but  is  more  fre<^wentJy 
myopic  eyes.  A  very  gi-eat  enlar^jernent  of  this  patch 
place  as  the  result  of  a  slow  form  of  sclero-clioroiditi 
low  inflammatory  change  only  takes  place  in  myopic  e 
similar  appearance  flue  to  utn>]>hin  thinning  of  the  chofcidi 
met  with  as  a  senile  change. 

As  tlie  arcii  of  degeneratiou  extends  in  a  myopic  eye, 


p 
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more  and  more  to  encircle  the  disc,  though  it  is  usually,  er 
very  extensive,  most  nmrked  tu  the  nuterside.  In  a  small  proj 
tion  of  cases,  the  crescent  lies  at  the  lower  margin  of  the  d 
The  whit^  colour  of  the  staphyloma  posticum  is  due  to  reflecl 
from  the  sclera  below  the  patch  of  atrophy  of  tl»e  choroid  i 
pigment  layer  of  the  retina.  Tint  superficial  layers  of  the  re! 
are  not  as  a  rule  implicated  in  the  pnK-ess,  and  as  a  coi 
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*''  thU.  thr  n-tiniil  vc88eJs  may  he  sf^eii  to  course  over  it,  just  as 
">  tlir  ra3(*«  of  ch<injidili8  elsi'wliere. 

Tiie  margiu  of  tin*  sUipliylonm  wliich  is  farthest  uwuy  from 

J*-    disc  umy  be  shurply  tieiiuod,  and  is  then,  usually  at  the 

•*ir  time,  the  site  of  u  greater  or  less  pi^meuUition.     In  other 

the  patch  merges  at  this  situation  into  the  siuTouuding 

win*  vritliout  showing  any  very  decided  definition.     Speaking 

endly,  the  tirst  eomiition  is,  an  indication  al  \x\x  arrested,  or 

^^_^*At  very  slowly  progressive  cluinge.  while  the  latter  should 

-'*  to  more  suspicion,  as  showing  a  grejiter  likeliho<xl  of 

^    -?ion.     lu  the  very  high  liegi'ees  of  staphyloma  jHJsticuni, 

t?  cresoeutic  sluipe  is  altogether  lost,  and  only  u  large  white 

V'h.  ft'Hnetiines  with   here   and    there   some  pigment  spots, 

^*^Tn>uml  the  di»e  on  all  sidles.     Tliese  large  ureas  of  degeuera- 

,  ^^^i\  may  even  iut'olve  the  nuieula.     The  protrusion,  by  iucrea»- 

J^^gtbe  ttnlero-]x>slerior  diann-ter  of  the  eye,  causes  axial  myopia. 

^^he  greatest  distensicm  does  not  take  place  Jit  the  macula,  and 

^)>er\>{(ire  tlie  axial  prolongation  is  not  greatest  In  the  line  of 

.Vision.     The  ntyo[iia  conse*|nontly,  thougli  progressive,  does  not 

ticretise  at  a  rate  which  corix*sponds  exactly  to  the  incre-ase  of 

the  elongatiou  in  the  region  i>f  the  diseased  coats. 

FoBlerior  sclert>-choroiditis,  which  causes  the  higher  and 
pfogTBSsive  variety  (»f  myopia,  has  u  tendency.  Just  like  the 
Afl^tion  in  the  anterior  part  of  the  choroid,  to  remain  quiescent 
for  fltJiue  time,  anti  then  break  out  afresh.  It  often  causes  a 
doll  Itching  ^tfiiu.  This  jmn,  and  the  evidence  of  progression  in 
the  dt'VT'je  of  the  myopia,  as  well  \\»  the  defect  in  mion,  which 
makes  its  apiK»arance  sooner  or  later,  are  the  main  signs  of  the 
disfAM  lieing  active.  On  the  other  liand,  during  a  period  of 
remission,  the  vision  does  not  fdter  in  acuity  nor  the  myo]>ia  in 
<legT>**^.  while  at  the  same  time  the  pain  is  absent. 

Tliis  liiseust^  is  common  in  the  lower  classes,  so  that  the 
h^her  and  most  serious  case^  of  myopia^  tmlike  the  more 
oomtuon  form,  in  which  the  tendency  to  progression  is  not 
prouounceii  afl-er  full  growth  is  attained,  are  found  amongst 
tike  illiterate,  as  much  if  uoL  more  than  amringst  such  aa  use 
thetr  i-yes  much  for  re:uling,  or  for  any  work  necessitating  con- 
vergence of  the  visual  axes.  What  the  ciiuses  are  seems  to  be 
aJlogeUier  unknown.  Thei-e  is,  l>eside8,  no  evidence  of  an}' 
heredity,  which  is  si^  im]niri«ut  a  factor  in  connection  with  the 
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tyi)i(.'al  ffinii  of  inyopia.  It  api^ars  as  if  various  fonn5  of  luol- 
nutrition  and  coiistitutioiial  weakness,  iiiherited  or  acquired, 
jn'edispose  to  it 

In  conneetiou  with  staphyloma  posticuni.  and  what  must  be 
look^fl  upon  as  tlie  immediate  cause  of  the  defect  of  visiou  in  the 
progressive  variety  of  myopia  with  which  it  is  accompanied,  are 
changes  occurring  in  the  region  of  the  macula  itself.  These 
changes  are  rathur  diflerent  in  their  mode  of  origin  from  those  j 
characteristic  of  senile  central  choroiditis  wbicli  they  may  aft€r'-j 


Fia.  88. — St&phylonui  pcwticum,  with  duuiges  at  thu  nuuniln. 
From  a  cose  of  prognssive  myopi*. 

wards  come  to  resemble  pretty  closely.  They  frequently 
as  a  kind  of  irregularity  in  the  pigmentation  at  the  macula, 
which  t^ikes  the  form  of  difi'erently  shaped  tigurea  darker  than 
the  surrounding  fundus.  Gradually  the  centres  of  these  figures 
exhibit  a  yellowish  or  atrophic  coloration,  which  encriMiches 
more  and  more  on  the  darkened  area,  and  eventually  becomes 
an  atrophic  plflque  very  similar  to  those  met  with  in  dissenunate*! 
choroiditis.  It  is  not  quite  certain  whether  these  macular 
changes  are  the  result  of  atrophy  from  stretching  alone,  or 
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Aused    by  inflammatory  exudations   in    the  choroid   as 

(etamorphopsia  is  a  constant  symptom  of  this  condition, 
frequent  complaints  are  made  of  muscae,  cloudy  vision,  and 
sctive  light-sensations.  The  symptoms,  in  short,  all  point 
ritation  of  the  retinal  percipient  elements. 
»e  irtai'mtnt  is,  on  the  whole,  very  unsatisfactory,  especially 
:e  the  condition  has  been  going  on  for  some  time.  Read- 
should  certainly  be  avoided,  and  dark  glasses  be  more  or 
constantly  worn  at  times  when  the  subjective  symptoms 
t  to  activity  in  the  inflammatory  process  and  progression  of 
myopia.  At  the  same  time  it  may  be  of  use  to  leech  or 
er  the  temple.  Homer  has  recommended  frequent  para- 
esis  of  the  anterior  chamber,  but  of  this  treatment  I  have 
)ersonal  experience.  Iridectomy  is  certainly  not  of  any 
and  indeed  not  alt<^ther  safe.  Other  operations,  such  as 
tomy  of  the  external  recti,  or  even  of  all  the  recti,  are 
ably  never  now  performed,  although  at  one  time  such  treat- 
1  seems  to  have  been  pretty  extensively  practised,  as  it  was 
that  the  presaure  of  the  muscles  tended  to  increase  the 
^tion  of  the  eya 

L  great  deal  too  much  has  undoubtedly  been  made,  and  is  still 
:,  of  the  possible  part  which  the  muscles  play  in  this  respect. 

has  arisen  in  great  measure  from  the  erroneous  idea  that  the 
;ated  globe  moves  less  freely  than  it  really  does  round  its  axis  of 
ion,  an  idea  which  seemed  to  be  supported  by  the  mistake  of 
ig  insufficiency  of  convergence,  so  common  in  high  degrees  of 
)ia,  for  insufficiency  of  the  internal  recti.  A  still  more  un- 
mted  assumption  ascribes  a  role  of  importance  in  the  etiology  of 
■essive  myopia  to  the  action  of  the  inferior  oblique  muscle.     This 

which  has  been  lately  propounded  by  Landolt,  has  led  him  to 
st  tenotomy  of  that  muscle,  which  he  performs,  or  proposes  to 
rm,  by  dividing  its  tendon  of  origin. 

'CRULENT  Choroiditis. — A  purulent  inflammation  of  the 
>id  which  may  either  remain  confined  to  that  membrane,  or 
to  inflammation  of  all  the  tissues  of  the  eye — panftphtJial- 
,  occurs  as  the  result  of  various  lesions.  Thus  it  may  Ije 
ip  by  operations  performed  on  the  eye,  or  by  penetrating 
ids,  with  or  without  the  lodging  of  foreign  bodies  witiiiu 
;ye.     It   may  follow  fresh   perforations  of  the  cornea,  or 
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any  liocident  which   L'auses  a  bursting  or  iiitluutmiiuuii  't  tMi 
Btaphylomu  of  the  cornea  or  sclera.  j^ 

In  a  small  but  important  group  of  cases  the  etioK^ini^ 
an  altogether  different  nature  ;  in  snch  the  pnrulent  choraiilittH 
may  result  fruni  throuil>osis  in  the  ophthalmic  veins,  tnafl 
enibolLsm  in  the  choroidiil  arteries,  or  fruin  septicafxnifl.  ^1*^| 
first  class  of  cases  may  t>e  grouped  as  cases  of  traumatic  punikil  ■ 
ch(»rt»iiUti8,  tlie  Recond  as  nieta-static  purulent  ohnrjiditis.        H 

Traum^ic  PwndcrU  Choroiditis, — Tlie  S3'uipt^tms  of  puruki    | 
choroiditis  are — very  great   pain  in  the  eye.  accumpiiiir-l  Iff    I 
rapid  and  complete  loss  of  vision,  redness  and  swollinj.'      i-     j 
lids,  and  cheniosis.     Swelling  of  the  orbital  tissues  is  aU"  in  ^    I 
or  less  marked,  causing  a  tendency  to  protrusion  of  the  ■ 
mobility  of  which  is  at  the  same  time  interfered  with.  \y 
account  of  tlie  participation  of  tlie  muscles  and  the  m*.' ' 
dirticnities  which  the  presence  of  the  exndalion  occasiv..-  -■- 
partly,  no  doubt,  owing  to  the  paui  alone.     In  cases  which  gnori 
to  panoplithuhiiitis  nil  these  symptoms  are  more  intense,  and  it 
the  same  time  the  cornea  becomes  more  and  more  ha^y  fnmfc 
infiltration  of  leucocytes;  the  aqueous  humour  becomes  mmld?" 
arul  purulent,  and  iritis  with  h}*po[>yon  makes  its  api>e8raDCt- 
Purulent  cliurtudiLis  idways  leads  eventually  to  shrinking  nf  lli^ 
eye.     This  may  follow  rapidly  on  a  spontaneous  perforatim  <^ 
the  coats  and  the  discharge  of  pus  externally,  or  it  may  aior» 
slowly  result  from  consolidation  and  partial  absorption  of  tbi^ 
purulent  matter  without  perforation.     In  such  cases,  if  ihelfu^ 
remain  clear  and  the  pupil  be  not  ()ecluded,  the  whitish  nwisf^^ 
partially  organised  lymph  may  be  visible. 

In  lite  treatment  of  purulent  choroiditis  we  cannot  expect  tt^ 
sitve  tlje  sight  of  tlie  eye.     All  that  can  be  ihme  is  Uj  alleviator 
the  excessive  pain   from  which   the  patient  suflerg^     For  ihi* 
pur^M^se,  when  ^^sion  has  been  lost,  poultices  may  be  freely 
upplied,  and  an  opt^ning  madt*  in  the  eye  to  admit  of  the  tii^- 
charge  of  tlie  pus.     The  opiniiug  may  l)e  made  right  tiu-nnirfi 
the  cornea,  thus  allowing  the  lens  to  escape,  or  it  may  I*  ni**!*'. 
tus  some  advfM/ate,  in  the  sclera.     Instead  of  poulticing,  ih*'^]^ 
may  l>e  frequently  syringetl  out  with  a  solution  of  comtii"* 
sublimate.     This,  which    has   been   recommended   by  Chil'W^ 
seems  sometimes  to   hasten    the   healing  pmcess.      It  is  ^ 
useful  when  the  suppuration  luis  U*giui  in  the  vitreous. 
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EuticlcHtiuii  ahould  not  l>e  j>erf(inue*l  at  the  time  of  the 
iutUtuumtion.  n\vi»)L'  tn  the  risk  that  there  is  of  thi».n»hy  setting 
tip  int^nitiKitis,    Mtminfjitis  occurring  after  eniidetttiou  perforuieil 
iur  jjtuiophthiilinitiB  is  certtunly  miv,  and  when  it  does  occur,  it 
wns  pniUihle  ihiit  it  is  llie  result  of  the  transference  of  septic 
l*;r  aluny;  the  h'ni]»h  eimnneLs  of  the  eye,  or  tissues  of  the 
orbit.  tc»  the  mernhnines  of  the  hrain.     When  the  intlaiued  eye 
'j*  Wt  ahme.  ur  merely  incised  to  yive  exit  tu  the  pus  it  contains, 
XK\K  transference  is  much  less  Ualile  to  iX»eiir,  if  indeed  it  ever 
rfrt(««   occur     The  reason  of  this  is  no  doul>t  that  a  natural 
iiuiiUition  takes  ]>hire  between  the  heidthy  and  necrotic  tissues, 
•F'LeTxaw  the  reuntval  fif  the  eye  causes  the  opening  up  of  lyniph- 
*^c  ami  xiiMcular  channels,  and  l)rings  a  cmniMinitively  healtliy 
^^ouiidod  surface  in  more  immeiliate  contact  with  the  intlaiued 
tifnueci.     Thus  it  is  found  that  the  danger  is  greatest  in  the  case 
^bere  the  pus  from  the  eye  which  is  beiuij  removed  is  allowed 
"to  ooxne  in  contact  with  the  wound  made.     This  may  liappen 
Mrheu  the  gloU;  is  |»erforat«l  hy  the  scissoi-s  during  the  opera- 
tion. <tr  has  8])ontaneou8ly  hui-st  before  the  enucleation  is  l»egun. 
.Again,  when  meningitis  lias  occurrtHi,  it  Iuls  always  come  on 
vrithin  forty-eight  hours  or  so  after  the  operation.    Whether  the 
Tiak  of  enucleation  iu  panophthalmitis  can  Ive  alti>gi*ther  over- 
comr  hy  antiseptic  prtvjiutions,  or  not,  is  certainly  doiihtfiU  ; 
at  ail  events  most  rigid   antist^ptic  nHNu^unrs  are  called   for  if 
enudeatiitn  l>e  practise^!.     Possibly  less  danger  attaches  tn  the 
operation  of  evisceration.     The  wiamd  priKJuced  by  this  opera- 
tion ia  Iww  wivere.  ttnd  can  l>e  more  effeetimlly  washed  out  hy 
It"  lotions.     For  tliewe  reasons  evisceration  is  probably 

]  t  .'  to  enucleiition,  but  surticient  experience  of  the  opera- 

tion \m&  lumtly  yet  l)een  gitined  to  a<lmit  of  a  definite  conclusion 
'int     True  has  recommended  enscemtion  followed  by 
ii_'_     '  M.ii.     The  objei'-t  of  this  is  t<j  remove  the  septic  matter 
led  in  the  eye  Ix^fore  opening  up  the  cellular  tissue  of  the 
lie.     If  enucleiition  be  performeti  at  all,  this  would  seem, 
UwMvtieally  at  all  invents,  \».\  lie  a  good  preca\itiou. 

Tbe  question  ua  to  whether  enucleation  should  be  done  or  not 

T      '  :  rMHl  when  the  eye  haa  shrunk,  and  the  symptoms  of 

.  , -nation  imve  subsideil,  is  one  which,  as  a  general 

ruU%  uiAy  lie  left  pretty  much  to  the  patient,  as  there  is  little 

tUngvr  of  sympathetic  itiHainmation  itccumug  in  the  other  eye. 
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When  punilent  ohov<tiJitis  seems   to   be  threntened.  h  wi 
appear  that  it  sometimes  can  l»e  kept  uff  by  the  application 
tight  ImiRlage  over  the  eya 

Mttftstfitir  Pm'tthnt  ChorokUtu, — By  far  the  great«fl  ai 
her  of  cjisea,  in  which  a  ineiiinjiitiB  from   wliich  the  jtt 
recovers  is  accompanied  by  purulent  choroiditis,  oc<;ht  in 
young  chil(h*en.    Often  such  eases  arc  first  seen  by  tl 
surgeon  after  the  meningitis  hiis  aubsideiL     The  Lnl 
the  choroid  leads  to  slirinking  of  the  globe,  never  to  pan* 
uiitia     And  tlie  a]»i)eiirance  wliich  the  eye  theji  presenUis 
which  in  this  country  is  often  called  y^scj/^/o-y/tW^.     The 
then  uiuddy,  more  or  less  atrophied,  and  preeeeil  forward  brlJ* 
lens,  so  that  the  irregular  pupil  comes  to  lie  close  up  t^t ;' 
cjrneu.     Tlie  perii>hery  of  the  iris  is,  however,  in  ui<  ■ 
retracted,  Bometimes  raai-kedly  so.     Through  the  len*»  wbidi 
usually  remains  clear,  a  white  muss  can  l>e  seen  Iniv- 
viti'eous.     1'Iic  ti^iision  of  tlie  eye  is  diminished,  ami 
complete  blindness. 

It  is  seldom  that  any  diiticulty  can  arise  in  the  differei 
dingnosis  lictwecu  this  condition  and  true  glioma,  which 
occurs  in  cliililrcn  ;  tlie  retraction  of  the  iris  at  the  angle  of 
anterior  chamber,  and  the  diminishetl  tension,  are  suliicji 
characteristie  sj'mptonis  when  present. 

Choroiditis  following  meningitis  is  probably  due  to  direct 
transference  of  inliammatory  products  along  the  sheath  of  ^ 
optic  nerve.  One  or  both  eyes  may  l>e  affected,  more  fre^iuenl'j" 
only  one.  There  appears  to  be  no  danger  of  s\TuptithetK'  ii** 
^animation  of  the  other  eye  where  one  eye  alone  Is  aflwted, 
and  thcn^forc  enucleation  is  not  necessfiry.  The  endenct*  w 
the  meningitis  are  not  always  equally  marked.  Sometiro** 
there  have  been  distinct  convulsions,  at  other  times  only  lussuf 
appetite  and  drowsiness,  with  the  history  of  sudden  redueesawl 
swelling  of  the  eye,  and  a  yellow  kind  of  glimmer  from  ih* 
interiur.  This  appearance,  with  the  chcmosis  and  hyjwpyou* 
and  the  evident  interference  with  xision,  distinguisli  the  oisrt 
from  simple  iritis. 

Purulent  choroiditis  in  one,  sometimes  in  lK>th  eyes,  laiilin?' 
to  complete  destruction  of  sight  and  to  slirinking  of  the  cyf- 
either  from  perforation,  or  absorption  and  organisation  of  the 
deposit  in  the  vitreous,  may  occur  in  j)yieraia,  puerpend  fet 
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flfjrsipcliia,  nnd    siippurtilive   Pivlocai'ditis,  as  well   as   in   con- 

*©rtioii   with    iiiflainiimtions,   both   idioputhic    and    trHumutio* 

*U>iii  tho  liea<l  or  /ace.     The  iintne<liHte  cause  of  the  inttam- 

ttwiCioi!  iu  iheee  cases  is  probably  uot  always  the  same,  yet 

'^    i^  often,  no  doubts  Jis  has  actually  Ijccn  demonstrated,  due 

■•*     ^mtwlic   infarctrt  in   the   choroidal  vessels,  and  the^e  liave 

4bowu  by  Hosch  to  contain  micro-organisms.     Iti  other 

■g&in.  such  as  thf>se  which  occur  after  debilitating  fevers, 

**je  other  cause  probably  exists, — sometimes,  it  may  be,  tlirom- 

\%  of  the  <'hon)idal  veins. 

In    ca£e5,  again,  of    thrombosis   of    the    cerebml    sinuses. 

niny   find  a    pretty  sudden   protrusion   of   the  eye   with 

'**iblyopia  or  amaurosis,  a  dilated  and  motionless  pupil,  and 

•«re  or  leas  chemosia   of    the  conjunctiva    and   irdcma   and 

^^^*ilness  of   the  lids.     This   may  occur  on   both  &i<les,  but   is 

^*^06t    frwjuently   found    on    one    side    only.       Prokibly    the 

^Virorobosis    in  the  sinuses  is  not  sutficient  of   itself  to  give 

^^iae  to  the  choroiditis,  but  must  1)6  associated  with  thrombosis 

■*«i  thi-  *iphthalmic  veins  tu*  well     Such  cases  always  end  fatally. 

*tLe  process  may  begin  in  the  sinuses  of  tlie  brain  and  spi-ead 

to  the  nphthalmio  vein,  or  it  may  result  from  a  phlebitic  process 

in  the  neit;hl»ourh')0<l  of  some  iuHanimation    in  the  face,  and 

Rprrtid  liaik  I*)  the  sinuses.     In  the  first  case  there  may  often 

kie  great  difficulty  in  diagnosing  between  the  thrombosis  of  the 

linnses  and  meningitis,  as  the  cause  of   the  puiophthalmitis. 

When  it  occurs  on  U^th  sides,  more  es]>ecially  with  iin  interval 

between  the  appearance  of  tlie  inJlanimation  iu  the  two  eyes, 

thromUjftig  wouM  appear  to  l»e  most  likely.     The  state  of  the 

{mpil    may   siin»etimes    be   of    diagnostic    iiupia'tance    in    tliis 

rispect, — in  thrombosis  it  is  generally  dilate<l  and  motionlc^tH 

while  retaining  its  nonnal  form;  in  choroiditis  from  meningitis^ 

on   iht*  Mihev   hand,  it  nmy  be  iiTcguIar  and   Utuml  down   by 

flTiiechijp. 

Sia«»L'S  CnnnomrTls. — A  purely  serous  infiammation  of  the 

cboriHtl  rtliine  is  generally  suppose*!  to  exist,  iind  to  produce  all 

the  symptoms  of  gbiucoma.     It  does  not  present  any  charac- 

LtC4  which    call    for   spcv^iul    refci^ence   here.      It  is  often 

iat«d.  Iioweve-r,  with  serous  irido-cyclitis.  and  may  then 

\(b  on  after  severe  illness,  more  particularly  after  recurrent 
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A  peculiar  form  of  choroiditis  is  sometimes  met  with,  in 
which  a  very  copious  exiidaLioa  takes  phice  in  the  region  of  the 
niaenlrt  or  the  ptipilla,  leadinj^j  to  the  formation  of  a  tlat  pro- 
mint^nec  in  this  situation.  In  the  cases  I  have  seen,  I  have 
always  been  in  doubt  us  to  whether  the  aftection  should  not  be 
looked  upon  more  as  a  detacliment  of  the  choroid,  rather  than 
:in    inrtunmiation   pure   and  simple  of   the   membrane.      The! 


Fio.  89. — Rupture  of  the  choroid  (inverted  inuge), 

disease,  whatever  In*,  its  exact  nature,  is  an  extremely  serious 

as  far  as  the  sight  of  tlie  eye  is  coacerneiL 

RlI'TLKE  ok  the  Choroid.— The  choroid  may  be  niptureii. 
l>artially  or  completely,  by  a  blow  on  the  eye  with  some  blunt 
object,  and  with  or  without  there  being  a  nipture  of  the 
at  tlie  same  time.     The  sjime  injury  may  give  rise  tu  retrov 


retina^ 
rover-  fl 
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separation  of  the  iris,  dislocation  of  the  lens  or  other 
in  the  anterior  s^meni  of  the  eye,  but  often  the  rupture 
choroid  is  the  only  change  produced.  The  sclera 
lately  beliind  the  ruptured  choroid  never  gives  way. 
ptures  of  the  choroid  take  place  uejir  the  ]KJsterif»r  jiart  <.»f 
e,  and  possibly  at  the  anterior  p<irt,  where  they  cainiot  be 
rith  the  ophthalmoscope.  They  may  l>e  to  either  sitle  of 
itic  ner\'e,  or  aliove  or  below  it,  and  almost  always  coincide 
learly  with  segments  of  circles  described  round  the  impilla 
entre.  Bifurcations  may  occur,  and  in  amie  instances  two 
ct  and  concentric  ruptures  may  take  place.  One  such 
las  come  under  my  own  observation,  in  which  the  rupture 
he  papilla  was  considerably  smaller  than  the  other,  while 
id-point  of  both  lay  pretty  nearlv  in  the  same  meridian 

%  90); 

ie  ophthalmoscopic  appearances  vary  according  to  tlie 
leteness  of  the  rupture  and  the  length  of  time  which  has 
id  since  the  accident  If  the  eye  be  examined  imnie- 
7  after  the  injury,  the  rupture  cannot,  as  a  rule,  l^e  seen, 
u  retina  is  found  to  be  swollen  and  hazy,  and  more  or  less 
L  In  a  few  days  this  haziness  in  the  retina  disappears, 
I  sharply  cut  linear  yellowish  figure,  concentric  with  the 
a,  and  over  which  the  retinal  vessels  are  seen  to  pass, 
)  its  appearance  not  far  from  the  impilla.  This  gradually 
les  more  and  more  white,  and  in  the  course  of  time  is  here 
here  pigmented.  Pigmentary  changes  also  often  develop 
!ier  parts  of  the  surrounding  retina,  particularly  in  the 
liate  vicinity  of  the  optic  disc.  When  the  rupture  has 
incomplete,  the  colour  which  it  presents  on  oplithalmos- 
examination  is  never  so  white,  and  is  sometimes  only 
y  different  fixim  the  surrounding  fundus,  so  that  the 
»sis  may  be  a  little  difficult.  Rupture  of  the  choroid 
tlly  causes  very  little  bleeding,  but  the  nature  of  tlie  lesion 
emain  for  some  time  undetected,  owing  to  the  bleeding 
he  iris,  which  has  been  injured  at  the  same  time, 
ie  extent  of  the  injury  to  vision  differs  very  much  in 
;nt  cases,  depending  on  the  position  and  extent  of  tlie 
re.  In  large  ruptures  the  vision  is  always  permanently 
reduced.  Even  small  ruptures,  if  they  take  place 
liately  behind  or  close  to  the  macula  lutea,  cause  great 
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interference  with  sight.     In  almost  all  ciise*  the  Wsionis 
reduced  immediately  after  the  accident,  and  gradually  iin] 
to  a  greater  or  less  extent  as  the  oedema  of  the  redna 
Sometimes  it  would  appear  tliat  tlie  vision,  after  recovi 
some  extent,  again  slowly  deteriorates,  as  the  result  prok 
changes  taking  place  in  the  optic  nerva 

When   the   retina  gives  way  as  well  as  the  cb( 


J  T  T 
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acciilent  wliich  is  of  very  much  rarer  occurrence — the  e^ 
of  sunoundiug  hfemorrhages  is  more  murked,  and  one  niba 
the  retinal  vessels  crossing  any  part  of  the  white  soIctoH 
background  laid  Imre  by  the  separation  of  tlie  memlmuM 
Eetiual  vessels  are,  on  the  other  hand,  seen  here  and  there 
curl  round  the  uiart^in  of  the  white  space,  and  then  conlifl' 
their  course  in  the  uninjured  retina. 
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The  mechanism  of  rupture  of  the  choroid  has  not  as  yut  been  quite 
storily  explained.     It  used  to  be  supposed  that,  owing  to  the 
Ler  attachment  of  the  choroid  at  the  posterior  pole,  where  so  many 
pass  into  the  eye,  the  dragging,  wliich  momontury  alteration  in 
shape  of  the  eye  produced  by  a  severe  blow  must  cause,  would 
more  on  this  unyielding  portion  than  anywhere  else.     Tliis  ex- 
plAJoation  is  unsatisfactory  for  several  reasons.     In  the  fii-st  place  it 
does  not  account  for  the  invariable  direction  of  the  rupture  with  its 
eoncavity  towards  the  optic  papilla.     Again,  the  numerous  experi- 
ments which  Voelckers,  Berlin  of  Stuttgart,  and  others  have  made  on 
afcTiifimlp,  with  the  object  of  producing  rupture  of  the  choroid,  have 
eitlier  altogether  failed  or  have  given  rise  to  a  lesion  that  cannot  be 
Baid  to  be  exactly  analogous  to  that  met  with  clinically.     It  could  not 
'poosibly  hold  good  either  in  the  case  of  a  double  rupture,  when  the 
"two  lie  across  the  same  meridian  of  the  fundus,  such  as  the  one  I  have 
fiS^ind.    It  is  more  probable,  therefore,  that  another  explanation, 
Siven  by  Becker,  comes  nearer  the  truth.    Becker  supposes  that  at  the 
lixae  of  the  blow  the  nature  of  the  distortion  which  the  eye  suflers  is 
•  IffeniDg  in  of  the  optic  nerve  towards  the  middle  of  the  eye,  pro- 
dudog  a  fold  or  a  series  of  folds  in  the  coats  immediately  surroundiii<; 
^e  papilla.    At  these  folds  both  retina  and  choroid  are  stretched,  but 
toe  lomer,  being  more  elastic  and  less  firmly  fixed,  yields,  whereas 
wie  latter,  from  the  nature  of  its  attachments,  gives  way.     lie  basesi 
tttisTiew  partly  on  the  ease  with  which  this  distortion  can  Ikj  pro- 
duced in  BQ  eye  removed  from  the  body,  and  i»artly  on  the  failure  of 
™  experiments  on  animals,  which  may  then  be  accounted  for  Ity  the 
tad  that  in  so  many  the  relation  of  the  optic  nerve  to  the  baok  of  the 
8|obe  is  different  from  that  which  exists  in  man.     The  suUsequent 
P^fntation  occurring  round  the  disc  in  some  cases  is  idso  suj^es^tive, 
*8  the  immediate  neighbourhood  of  the  end  of  the  nerve  must  no 
"oubt  suffer  by  the  iiyuiy.     Possibly  in  some  cas&s  the  very  opposite 
''^y  take  place,  and  the  nerve,  instead  of  being  foreed  into  tlie  eye, 
^y  he  more  or  less  driven  away  from  it. 

^'OLOBOMA  OF  THE  CHOROID. — Just  US  in  the  case  of  the  iris 
***  arrest  of  development  may  lead  to  the  non-closure  or  iin- 
■P^'''ect  closure  of  the  foetal  fissure,  so  in  the  dioroid  n  similar 
®^^ct  may  result  from  the  same  cause. 

.  ^'oloboma  of    the   choroid    is   most   frequently  associated 

.  ''^    coloboma  of  the  iris,  but   may  be   present  alone,  and 

,    *c»und  in  one  or  both  eyes.     Otiier  evidences  of  arrested 

,  .^^lopment  are  sometimes  met  with  in  the  cases  in  which 

J.  '^     condition  of  the  choroid  is  found,  as,  for  instance,  hare- 

.  ^    ^nd  cleft  palate.    A  more  frequent  concomifamt  con<litiou 

J     ^>3icrophthalmos,   in   which   the   wliole  eye  is   imperfectly 

2c 
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As  iu  the  case  of  many  other  defects  of  the  same  nature,  the 
occuri'ence  of  cololxuna  of  the  iris  and  choi'oid  is  often  aiscribed 
by  mothers  to  euiolioual  disturbances  experieuced  duriug  pix»g- 
nancy,  most  trequeutiy  to  their  having  been  impressed  by  the 
sight  of  some  individual  who  has  been  blind,  or  exhibited  aome 
deformity  in  the  region  of  the  eya  How  far  such  beliefs  have 
any  foundation  in  fact,  it  is  impossible  in  the  present  state  of 
our  knowledge  to  say. 

The  true  ei>lobama  of  the  choroid  is  always  met  with  down- 


^j 
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wards,  or  downwards  and  inwards,  just  ns  in  the  case  of  colobonu 
of  the  iris.  Tlie  defect  is  usually  naiTower  in  the  region  of  tliu 
papilla,  which  may  or  may  not  be  included  in  it,  and  hromler 
towards  the  periphery.  AVlien  a  coloboma  exists  in  the  iris  as 
well,  the  two  may  be  continuous,  owing  to  a  defect  in  the  ciliary 
processes^  or, — and  this  apj»ears  to  be  more  frequent, — they  may 
be  separated  by  a  bridge  of  normal,  or  apparently  normal,  ciliary 
structure;  the  anterior  ending  can  then  often  be  seen  on 
ophthalmoscopic  examination.    Sometimes  one  or  more  normally 
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ted  portions  of  the  choroid  bridge  across  the  coloboma 
Which  is  thus  8eparnt«Hl  iuto  two  or  more  portious.  In  such 
riMM  tlie  defective  ielets  may  l>e  broader  than  they  are  long. 
Occasonallr,  too,  smaller  guttate  portions  are  seen  to  either  side 
of  the  main  defect. 

In  all  cases  the  retina  is  either  completely  absent,  or  only 
very  imperfectly  developed  in  the  region  of  the  coloboma. 
There  is  therefore  always  to  be  found,  except  apparently  in 
tibe  very  rare  cases  of  coIolH»nia  in  the  region  of  tlie  umctila, 
^^hich  are  only  doubtfully  of  the  same  natui'c,  a  more  or  less 
*•<  '  ■  scotoma,  corresponding  in  extent  to  the  coloboma. 
<  »  ^  arcji  of  the  upper  jxirtiou  of  the  iield  tliere  is  cither 

absolute  blindness — tliat  is  to  say,  an  inability  to  distinguish 
the  Btnmgeat  light  from  darknetirf — or  a  certjiin  »legree  of  per- 
ception of  light.  The  lattei'  seems  to  be  the  more  common. 
More  or  less  defect  of  vision  altt»gether  is  also  almost  invariably 
ud  in  eyes  with  cololwraa  of  the  ch«inMd.  Besides  the  retina 
■tnd  choroid,  the  sclera  is  also  not  altogether  free  in  some  ca^s 
from  participating  in  the  defect ;  it  is  thinnetl  and  occasionally 
phylomatou& 

On  ophthalmoscopic  examination  a  brilliantly  white  retlec- 
tioQ  is  seen  from  the  region  in  which  the  retina  and  choroid 
are  defective.  The  siuface  of  tlie  coloboma  is  never  of  an 
•.^juable  colour  thinughout.  Htire  and  tliere,  there  are  often  \a) 
l»e  aeen  masses  of  pigment.  The  white  area,  too,  is  often  broken 
up  by  a  nomljer  <»f  (lifferent  sized,  very  ill-defined,  fiuntly 
liluish.  spots,  corresponding  to  inegularities  in  the  sclera,  which 
is  laid  bare  by  the  absence  of  the  clioroid,  and  the  reliection 
from  which  causes  the  marked,  almost  dazzling,  whiteness  which 
w  presented  by  the  ophthalmoscopic  picture  of  a  coloboma  of 
thr  chiiroid. 

Vessels  are  also  si'en   to  course  across  the  white  area  In 

liiflerent  directions.     These  are  both  ciliary  and  retinal  vessels. 

D  many  cases  nf  coloboma,  only  liue  and  narrow  branches  itf 

retinal  vessels  cross  the  coloboma,  and  in  some  tliere  is  an 

of  retinal  vessels  altogether.     This  tle|)end»  entirely,  no 

nbl,  on  the  degree  to  which  the  defect  in  development  has 

volved  the  retmal  structures  which  lieant^'rior  to  the  pigment 

There   is   no   ditheulty   in   distinguishing  the    retinal 

from  the  ciliary  vessela     The  fonner  are  distinctly  seen  to  pass 
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■  over  the  sharp  margin  of  the  colobonia  as  they  come  from  the 
i  normal  portions  <tf  the  fundus ;  the  latter,  on  the  other  hand, 
f  may  l>e  seen,  after  coumng  over  the  defective  area,  and  some- 
times under)^oing  anastomosis,  to  pass  on  towanis  the  choroid 
at  tJie  margin  of  the  colobonia,  where  they  di^Jijipe^r  from  view. 
Wlien  the  disc  is  inchided  in  tlie  coloboma,  it  may  retain  its 
normal  apjiearance,  hut  it  is  more  often  so  altered  as  to  Iw 
barely  i*ecogni3able.  It  is  usually  very  much  enlarged,  hori- 
zontally oval  in  shape,  and  its  vessels  appear  ti»  spnng  8n4ldenly 
into  view  from  its  mai*gin.     No  definite  structure  can  be  made 


Fk;.  92.— Colobuma  at  ihacuIh. 


on  its  surface,  there  being  u  coloboma  of  the  nerve  sheatli 
■  as  well.  A  parallactic  movement,  imlicating  mure  or  less 
Staphyloma  of  the  sclera  in  parts,  or  all  over,  may  usually  be 
Idetected. 

A  rare  form  of  colo1>oma.  in  which  the  defect  occupies  the 
:ion  of  the  nwcula  alone,  t(»  the  extent  it  may  l>e  of  only  two 
to  three  diameters  of  the  pa]>ilLi,  has  been  described  by  Streat- 
field  and  others.     Some  of  tliese  cases  have  pi-obibly  not  becu 
•ue  colobomata,  hut  men?  degenerative  inflannnatory  changes 
rhich  hiive  taken  place  in  intra-uterine  or  infantile  life.    Where 
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duw);^    are    liilHt'eral    Hiid   Hymmetrical,    with    clean-cut 
_         margins.  Ji«  in   a   case   whicl)   came   under  luy   own 
***^*«tterviition,  there  can  k*  little  doubt  of  tlieir  Unng  of  the.  same 
Xure  OS  other  cnl<>lx)muta.     In  such  casea  there  is  apparently 
*  scotoma  t**  l»c  found  foriT*sp<)nding  to  the  area  occupied  by 
'*>*ci>lubt>m>u 

The  nnturo  of  all  forms  of  coloboma  of  the  choroid  is  not  as  yet 
ufoctorily  untlcrptootL     TJje  situation  occupied  by  the  defect,  cor- 
ing ft8  it  doee  to  the  fissure  pxisting  in  foetal  life,  renders  it 
that  the  coloVjonm  is  in  some  way  connected  with  that  fi&suro. 
Um  ftwure  only,  however,  involves  the  retina,  including  the  hexa- 
pignicnt  cell:?   which   histo-gencticalh'  Iwloiig  to  it,  we  should 
t  t""  find  the  clirm»id  intact,  and  only  a  coloboma  of  the  retina 
fc  It  of  its  non-closure.     Moreover,  there  can  only  have  bet-n 

^  .    non-closure  in  cases  in  which  uU  trace  of  the  retina  is 

mliwni  in  the  cfiloboma,  and  in  which  no  i>ercei)tiori  of  light  exists 
OTer  Uie  area  in  the  field  of  virion  corresponding;  ti>  it.  It  hiis  tlicre- 
Ibro  to  be  cxj^Iained,  in  the  first  place,  why  the  chornid  participates  in 
the  abnormality  ;  and  seciindly,  why  such  a  definite  arrest  of  develop- 
tD«ut  takes  ]>liu»)  in  this  situntiou,  even  when  the  retinal  fissure  must 
It  •  •  il  to  luive  clos(vi.  In  the  cases  which  have  been  examined 
u  :  V,  the  place  of  the  choroid  has  tLsually  been  fomid  Vy  be 

occupmi  hy  connective  tissue,  but  there  is  nn  pvidence  to  show 
whether  this  haK  iK^en  of  a  cicAtriciuI  formation  or  not.  All  that  can 
Up  said  L» — (1.)  Tiuit  when  an  arrest  of  development  leads  to  non- 
ciotituv'  of  the  retinal  fissure,  the  uuderlying  choroid,  as  M'l-II  as  the 
■clvra  in  some  instances.  huA  its  development  more  or  leua  interfered 
.vith  ;  and  ^2.)  that  there  seems  to  be  a  tendency,  apart  from  the 
n  closure  of  the  fis«un^  to  the  occurrence  of  defective  ilevelopment 
all  the  coatB  in  its  vicinity.  Wlietlier  these  chang^^s  are  the  result 
of  intra-uteriue  inlluinmation,  or  merely  of  tH>ine  circulatory  abuor- 
uialily,  cmuiot  l»e  saitl  with  any  degiee  of  certainty.  The  first  is 
Kudnrvil  piulioble,  not  only  on  accimnt  of  the  appearances  which 
have  been  met  with  anatomicjilly,  but  also  from  exp<iriment3  jwr- 
lormod  by  Ueutechmann  on  animals  in  which  destructive  proce8*?c8 
pcndurrt)  in  the  eyes  of  the  moilier  have  led  to  defects  of  different 
kinda,  amount  others  cololHUuata,  in  the  oflsj^ring.  The  etiology  of 
the  tfDiall  central  colobomata  is  still  more  uncertain.  In  the  true 
ttle#  Ih'-  vi<iori  ha>  bt»f-ii  Omiid  not  much  if  at  all  reduced.  In  one 
vmm  which  1  tested  by  Bjerrum's  method  (see  Chap.  I.),  I  was  unable 
to  det<M:i  any  visuaI  defect.  Possibly  there  may  l>e  some  light-sense 
ilcCnet*  but  so  far  as  1  am  aware  the  light-sense  has  never  be4>n  tested 
in  these  casoM.  As  it  is  certain  that  the  rods  and  cones,  or  the  prin- 
BipiJ  poPciptPDt  elementa  of  the  retina,  are  intact,  it  seems  probable 
that  tne  hexa^inal  cells  are  so  also,  but  they  are  evidently  devoid  of 
their  pi^^iuent.  Cases  occur  in  which  a  large  circular  staphyloma 
Nrtind  the  jriipilla  is  found   in  faidtily  developed  eyes.     These  are 
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apparently  more  of  the  nature  of  coloboinata  than  patchra  nf  »Jfi»-j 
choroiditis,  but  their  exact  etiology  ia  also  unknown. 

Only  one  cose  of  total  absence  of  the  choroid,  or  thoraii- 
eremiay  has,  so  far  as  I  am  aware,  been  published  MmuiIuiw, 
who  observed  the  case,  describes  the  appearance  of  liu;  whyk 
f^indus  as  of  a  greenish-white  colour,  with  here  and  ihei?  * 
piitch  of  pit^neut.  The  retinal  vessels  could  be  seen  wiuiaf 
over  the  whole  area.  The  defect  occurred  in  both  eves,  Ink 
more  ctjmpletely  in  the  one ;  in  it  the  vision  was  reduced  (» 
y^jj,  and  a  miiiked  concentric  ivatriction  existed  in  the  fieW. 

Other  cases  of  congenital  restriction  of  the  field,  from  ex- 
tensive defects  in  the  choroid^  have  been  met  with  apart  bm 
the  c!ianj;es  prmhieed  by  intra-uterine  clioroiditis.  Thus,  Koein| 
has  published  a  case  in  which  this  symptom,  as  well  aa 
blindness,  was  very  marked,  and  the  ophthalmoscopic 
tion  revealed  sucli  a  defective  development  of  the  chc 
capillaris  tliat  only  at  tlie  uuiuuhi  and  immediately  auj 
region  was  there  any  reflex  from  the  fundus.  Such  cases 
all  pr<iljMbly  due  to  some  form  of  arrest  of  development 
early  ajL,'f  of  foetal  life. 

Tubercle  or  tiie  Choroid. — Tubercle  occurs  in  two  ft 
tlie  chwYHd — as  miliary  tuberck-  and  as  larger  tubercular 
The  tirst  form  is  acute,  and  always  secondary'  to  tubercle  ift 
otlver  nrgaus.  The  second  is  chronic,  and  may  or  may  not  bp 
primary.  A  distinction  between  the  two  varieties  has  bwii 
made  by  callijig  the  funnei'  tuberculosis  of  the  choroid  and  ihr 
latter  tubercular  choroiditis,  but  inasmuch  as  both  give  rise  U* 
intlanniiatory  changes  in  the  choi-oid,  tliis  distinction  is  hardly 
H  very  correct  one. 

Cki'Oiiic  Tuhercxdar  Choimditis  has  no  doubt  long  beeu  oV 
served,  cases  evidently  of  tliis  natiu'e  having  been  described  Iff 
the  older  writers  on  diseases  of  the  eye,  but  it  is  only  rocenllv 
that  such  cases  have  been  properly  distinguished  from  other 
forms  of  tumour.  The  disease  is  certainly  very  rare,  much  tnait 
so  than  miliary  tuberculosia  It  occurs  in  one  eye  only,  aiid 
appears  sooner  or  later  to  be  associatwl  with  similar  disease  d 
the  brain,  which  ends  fatally.  The  ophthalmoscopic  change*  in 
the  cases  which  have  been  describe*!  liave  been  those  of  oplic 
neuritis  (obliteration  of  the  mai^in  of  the  disc,  great  engoi?*^- 
ment  of  veins,  with  sometimes  haemorrhages  here  and  therr), 
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*ici  a  diffuse   white   coloration  over  a   large  portion  of   tlie 

TLe  appearance  of  such  a  tubercular  mass  in  the  choroid 

till!  pn)hably  not  be  difficult  to  diagnose  if  attoutiou  were 

d  to  certain  points  which  Homer  has  shown  diatiugiiish  it 

aarooma  on  the  one  hand  und  purulent  choroiditis  on  the 

''^Iner — the  two  affections  which  it  most  rlosely  resembles.     From 

"^'»Ponui  it  may  be  distinguished  by  tlie  llatneas  of  the  swelhng 

^^^lipn  compared  with  its  superficial  extent,  by  its  more  or  less 

^^^tiiM.'tly  no*iular  form,  and  by  the  evident  iutiaramatory  chun^fcs 

**i   the   surrounding  choroid.     Again,  it   differs   from   purulent 

^Vion>i»litis  in  there  being  no  liistury  of  injury  or  any  condition 

alkolr  to  set  up  that  form  of  intiamniation,  as  well  aa  by  its 

Vieiug  relatively  more  ciixumscribed  and  locaUsed  to  one  portion 

of  tilt*  ciioroid. 

Miliary  7'uin'rcle  of  the  Choroid  is  only  met  with  in  cases 
where  there  is  already,  or,  much  leas  frequently,  where  there  is 
^ft^frwttrds  an  intiltnition  of  the  same  nature  in  a  number  of 
organs.  It  is  pi-olmbly  never  met  with  where  tul^ercles 
iu  the  lungs  alone,  and  it  appears  tiD  have  no  definite 
relation  to  tubercular  meningitis.  In  fact  it  is  if  anything  least 
n«»n  in  children  in  whom  tubercular  meningitis  is  most 
mon.  "  It  seems  as  if,"  as  Homer  remarks, "  the  pia  cerebri 
Ukcfl  the  place  of  the  pia  oculi."  Of  thirty-nine  cases  of 
tubercle  of  the  choroid,  for  instance,  examined  by  Litten, 
tuberctdar  inUammation  of  the  bmin  or  its  mcmbmnea  was  only 
preeeBt  in  nineteen.  Litten's  thirty-nine  cases  occurred  in  fifty- 
u  cases  of  general  tuberculosis.  As  the  tubercles  are  late  of 
pearing  in  the  chorrad,  or  at  all  events  of  becoming  visible  on 
ophthalmoflcopic  examination,  it  is  seldom  that  the  diagnosis  of 
tuberculosis  is  fucilitiited  by  the  use  of  the  ophthalmoscope. 
When  present  they  atfonl  a  positive  pnjof  of  the  tubercular 
nattirt*  u(  the  general  disease,  while  their  absence  does  not 
(  '  '  rlie  possibility  of  it.  It  ap[>ears  certain  that  choroidal 
i  ,  >  tKcur  at  some  time  or  other  in  by  far  the  greatest 

proportion  of  all  cases  of  miliary  tuberculosis,  but  they  probably 
do  not  invariably  up^^ear,  as  was  at  one  time  supposed,  on  the 
authii*riiy  of  Cohnheiin,  to  be  the  case. 

A  coDsideriibly  larger  number  of  tubercles  is  always  found 
on  pnat'iiiortem  examinations  than  can  be  seen  with  the  ophthal- 


» 


some 
of  the  choroid  which  caiuiot  be  aeeu,  but  uiaiiily  to  llieir  a 
having  advanced  bo  far  ae  to  destroy  the  pigment  layer  in 
of  them.  When  making  ihoir  appearance,  as  they  cfttfl  h 
only  a  few  days  or  hours  before  death,  the  state  of  Lht  \sM 
may  be  such  as  to  render  an  ophthalmoscopic  examiuatii 
difficult. 

Alilinry  tubercles  generally  occur  in  both  eyes,  so 
only  in  one,  and  always  in  the  choroid, — never  in  lht 
Their  number  varies  fnmi  une  to  ten  or  nmre.  th«i«j:li 
frequently  three  to  six  seems  to  be  the  umul»er  seen.  Tlioy 
always  nmnd,  and  vary  in  size  from  one-sixth  the  dianwttf 
the  piipilln,  or  less,  to  quite  half  ns  big  a^ain  as  the  |a 
Usually  the  size  in  any  particular  case  is  from  oue-thinl  to  i 
thijxls  the  diameter  of  the  papilla.  The  larger  ones  arc  dis 
pniminent.  Tlieir  colour  is  very  distinctive,  and  niulifs*  \\ 
but  impossible  to  conf^jund  them  with  any  other  fonu  oi  [vii 
characteristic  of  the  numerous  varieties  of  disseminated  churoi 
itis.  The  re^ndar  tninsition  from  the  normal  red  colour  of  U 
fundus  at  thi^ir  nmrgins  Ut  Uu^  (hdl  yidlowish-white  at  thl 
centre,  according  as  the  overlying  [tignieut  is  mope  or  U 
completely  pushed  iiside,  was  first  described  by  von  Grade  ■ 
LelK'r. 

The  following  description  is  taken  from  Horner, 
perience  of  such  casea  was  unusually  large : — 


ti  dull  til 


*'  The  featru  is  n  dull  white,  ;vnd  this  is  surroimded  by  a 
coloured  area;  even  in  that  part  ^vhich  exiiibits  no  promineme i{( 
at  its  inurgiu  tlio  red  colour  of  thu  fundus  has  ftill  a  diui  Hppf:fln| 
(behaucht).  Kowlicre  is  there  the  sheen  nnd  the  liluish  Itudiw 
disculumlion  of  exposed  sclera,  or  the  bluish-white  colour  uf  sB 
fletAchmoiits  of  tlie  retiiui,  caused  by  acute  exudations  or  Uxfft  luMl 
rhages.  luHtuniufitory  patches  of  frefh  dissominatenl  c1ioroi(liti» t 
aUo  bo  readily  distingiiii>hL'd  fi-uni  them.  When  these  pati^bes  Hi 
quite  recent  date^  tlie  Ihimiing  of  tlie  pigment  which  they  wdd 
causes  tbeiii  to  assurue  tliti  api>eariinee  of  tlat  irregularly-shafied  ^ 
of  a  brown  and  yellowish-red  colour.  The  diagnosis  of  oKler  pnti 
is  reutlered  certain  by  the  exposure  of  larger  choroidal  vessels,  < 
of  tlie  sclera  ns  well  as  the  pigmentation  of  the  inurgin.  In  thi?  fl 
too,  the  margins  are  much  more  sharply  detined  than  in  the  chuM 
tubercle,  which  is  always  surrounded  by  n  narrt»w  ring  of  slight  upi 
where  it  merges  into  the  saturated  red  iif  t!ie  fundus.  The  alis«.*nfl 
any  nodular  prominence  readdy  demonstrated  in  the  larger  iv\ 
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■■I^^Mally  where  a  retinal  vessel  crosses  it,  is  of  importance  in  the 
ion  with  the  differential  diagnosis." 


Miliary  tubercles  in  the  choroid  give  rise  to  no  pain,  and 
fc^^jarently  to  no  interference  with  vision.  Anatomically  they 
msc^&  like  the  same  structures  elsewhere,  composed  of  lymphoid 
^»1]b,  amongst  which  are  giant  cells  and  fattily  degenerated 
detritus. 

HEMORRHAGES  IN  THE  CHOROID. — Hiemonliages  are  hardly 
Oft  such  frequent  occurrence  in  the  choroid  as  in  the  rotina, 
^Clie smaller  choroidal  ha'morrhageamay  usually  be  distinguished 
from  the  retinal  ones  by  their  not  having  any  constant  relation 
to  retinal  vessels,  and  not  presenting  the  Hanie-shaped  appear- 
ance which  characterises  retinal  haemorrhages  in  the  nerve  fibre 
layer.    When  near  the  retinal  vessels,  these  vessels  may  some- 
times be  seen  to  pass  over  them.     Large  choroidal  hieniitrrhagcH 
■gMnare  not  bonlered  by  such  a  sharp  and  regular  line  as  is  the 
case  in  lai^  retinal  extravasations.     It  is  impossible,  however, 
with  certainty  to  diagnose  the  position  of  a  luemorrhage,  as  those 
^originating  in  the  deep  layei-s  of  tlie  retina,  when  of  niodeiiite 
ffltt,  exactly  resemble  hiemorrhages  in  the  choroid.     There  is 
Diore  tendency,  iM)8sibly  owing  to  the  resistance  offered  by  the 
™ina  vitrea.  for  a  choroidal  haemorrhage  to  pass  backwards 
^'^n  into  the  retina.     When  large,  the  clioroid  may  be  tlotachtjd 
^1  the  accumulation  of  blood  between  it  and  the  sclera. 

Choroidal  hiemorrliage  may  be  of  traumatic  or  idiopatliic 
^^n,  and,  according  to  its  extent  and  the  position  of  the 
extravasation,  may  interfere  greatly  or  not  at  all  with  siglit. 
^^  absorption  it  leaves  an  atrophic  pitch,  bordered  with  pig- 
ment. 

The  presence  of  hajmorrhages,  when  idiopathic,  should  direct 
attention  to  the  general  healtli,  and  the  trcahmnt  be  regulated 
according  to  the  result  of  such  an  examination.  J^iseases  of 
^^^  blood  and  the  blood-vessels  are  the  cause,  »is  in  the  case  of 
'"^  retina,  of  choroidal  apoplexy.  In  all  C4ises  perfect  rest 
should  be  given  to  the  eyes,  by  avoidances  of  strong  liglit,  or  of 
*^y  occupation  necessitating  vision  ne^ir  at  han<l 

Ossification  of  the  Choroid. — In  eyes  which  have  betai 
lost  by  irido-cyclitis,  accompanied  by  an  exudative  choroiditis, 
•^^  bone  may  in  the  course  of  time  be  found  in  tlie  choroid. 
^^y  the  inner  layers,  chorio-capillaris,  &c.,  of  the  meml^rane. 
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are  as  a  rule  involved,  aiul  it  appears  certain  tlut  the 
fonns  in  the  exudoil  matter,  an<l  nnt  in  the  urigiual 
tlie  choroid     The  process  of  bone-forination  in  this  aitt 
has  l)een  studietl  1)}*  seveml  ohsen'ers,  and  all  stagwjof 
tion  have  been  met  witli.     It  does  not  in  any  way  differ 
the  development  which  t^ikes  place  from  periosteiun.   The 
of  bone  formed  takes  the  shape  of  the  inner  surface  of  J 
The  foruiatiou  always  ceases  at  the  bjnler  of  the  cili 
which  ossification  never  takes  place.   There  is  therefore  evi< 
some  intiniatc  connection  between  this  pathological 
and  the  chorio-capillaris.     I  liave  always  seen  an  apeittm 
at  the  position  of  entrance  of  the  optic  nerve,  but  it 
souietiiues  tu  be  bridged  over.     Frequently  calcareous 
tion  is  found  in  the  catanictous  lens  at  the  same  time. 
As  the  eyes  in  wliich  ossification  takes  place  are 
destro^'ed,  tlie  duig7iosis  can  only  be  made  by  feeling  « 
iKxIy,  which  ends  shaiply  some  4  or  5  millimetres  from 
corneo-acleral  margin. 

A  prolMibly  altogether  uuique  case  is  recordet!  by  Laqueiu,  wl 
after  tlm  extraction  of  n  diBlooated  calcareous  lens,  the  zoedii 
found  to  be  sufficiently  clear  to  ndiuit  of  ophthaluioscopic  exami 
In  Una  caso  no  trace  couUl  he  soon  of  t!ie  optic  nerve  or  rwtiiuil 
and  the  appearance  altoyother  seems  to  have  been  very  rei 
while  the  diagnosis  of  ossitication  nf  tlie  choroid  was  oonfinwa 
jmlpation. 

The  presence  of  btuic  in  the  choroid  is  not  of  itself 
to  give  rise  to  sympathetic  inHammation,  but  cases  are  on  w»nfl 
in  winch  this  result  hjis  followeil  an  irido-cyclitis  e\*idendj 
up  l>y  irritation  from  the  ossihed  spicula.     The  treatment 
therefore  be  to  remove  such  eyes,  as  they  may  at  any 
the  cause  of  serious  mischief. 

Detachment  of  tiie  Chohoid. — ^The  choroid   may  l»e  dt^j 
taclied  from  the  sclera  either  traumatically  or  idiopathicijIl?^»| 
and  by  blood,  by  a  serous  effusion,  or  l»y  tumour.     Detacl 
of  the  choroid  is  very  uncommon,  or  at  all  events  it  is  d< 
qxiontly  diagnosed.     I  do  not  know  that  there  are  any 
which  woidd  enable  one  at  once  to  diagnose  this  condition 
ophthiihuoscopic  examination  alone.      Cases  in  which  deUcli- 
ment  of  the  choroid  takes  place  from  any  cause,  appear  genenOf  j 
to  end  in  shnnking  of  the  globe. 


hic»Ili^.1 

if 
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have  nnly  once  met  with  a  case  of  simple  detachment  of  the 
\  and  it  was  only  after  repeated  examination  that  the  diagnocis 
be  mafle-  The  appearance  was  exactly  lliat  presented  hy  a 
situated  Iwlow  and  detaching  tht  i-elina,  hut  the  tension  wa* 
and  no  change  took  place,  except  farther  reilnclion  of  tension 
^  six  months.  The  detachment  stretched  out  to  the  middle  of 
vilreuos  cliamber,  and  came  in  the  wbv  of  the  direct  line  of  vision, 
it  uo  central  tixation  was  possible.  There  >frad  no  tremulousuess 
i«  detachment,  such  as  there  would  certainly  hav&  heen  had  the 
la  alono  fjeen  detached  to  that  extent,  and  there  was  an  absence 
T'Jirency, 

h>.  therefore,  the  differential  diagnosis  between  simple  detaoh- 

the  retlua  uloue,  ami  detJichmeiit  of  both  retina  aud  choroid. 

made  with  tolcrabk'  certainty  at  nnce,  the  cnurec  of  the  case 

.«  be  watched  before  the  other  condition  liable  to  be  confoundetl 

ilctochment  of  the  churoid,   viz.,   tuiuuur  growth  bt'liiud    the 

could  be  excluded. 


Diseases  ok  Tire  Vitreous. 


Acute  purulent  inflammutiou  of  the  vitreous  may  occur  when 
foreign  Wly  is  lodged  in  it.  or  it  may  l>e  the  result  of  the 
extension  of  some  iiitlanimation  fixnn  other  parts  of  the  eye. 
The  (juestioM  iia  to  whether  the  inHnmmatory  products  in  the 
fiftl  case  are  derived  from  altenitions  in  the  elements  of  the 
vitreinis  itself,  or  have  mignvtcd  from  the  ves.sels  in  the  sur- 
Pimifiiug  coats  towards  the  focus  of  irritation,  is  one  which  has 
^n  much  disputed,  aud  wliich  can  hardly  yet  be  said  to  have 
^*i  'letinitely  settled, 

From  a  clinical  point  of  view  the  true  pathology  of  pvndttU 
*f^itx9,  as  it  is  calle<l,  is  u  matter  of  little  im])ortance.  When 
°^^  it  is  set  up,  the  eye  is  dcxmied,  anrl  eventimlly  shrinks, 
tiiia  result  may  or  nmy  not  be  i>receded  by  perforation  with 
e^iicuation  of  more  or  less  pua     Less  severe  intlammatoiT  con- 

A'   '  * 

'"tioriM  of  the  ^^t^eous  probably  never  occur  prinmrilv,  but  are 
luwuya  assftciatcd  witli  iiiHauuuation  of  tlie  ciliary  body,  choroid, 
**>•  retina.  Clinically,  however,  the  condition  of  the  vitreous  is 
*^'ten  the  pfiint  of  prinmry  innxji-timee.  as  the  passage  of  inflam- 
niator}'  exudation  into  its  substance  gives  rise  to  opacities  on  the 
^'^iHtonoe  of  which  the  defect  of  vision  accompanying  the  parti- 
<^'imr  iufiftinmation  may  mainly  or  entirely  depend.  Tliis  i.s,  for 
^stance,  the  cjise  in  cyclitis,  and  to  some  extent  also  in  syphilitic 
c*>oroiditi8. 
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Opacities  ok  the  VrTKEors  may  W  sUiinimry  or  tiojit]r»>i-- 
They  may  be  tlin'use  and  punctiforni,  Hlaraentoua.  llriky.or  me»  »^' 
branoua    These  0|Kicitie3  are  mainly  of  two  kinds,  either  due. 
has  iih'ojidy  been  suiid.  Ijj  products  of  intiHiniwitory  exudatL 
fmiii  the  vascuhir  membniiies  of  the  eye.  or  Ui  the  effusion 
blood  from  the  vessels  of  these  membranes.     It  seema  pr*jl«d»-   •'*'^ 
though  it  is  by  no  means  certiiin,  that  some,  too,  are  causetl 
coai^ilatiuns  of  Home  itf  tlie  uleuHUita  of  the  vitreous  itself,     j. 
the  result  of  exudation  into  the  vitreous,  the  gelatinous  *^'o— _^I 
sistency  which  it  normally  presents  may  betrome  altered.    Tt 
vitreous  muy  thus  l)Oeome   abn(»rmully   li(piid   or  abnormjill 
condensed  and  shrunken. 

Lifiuefaction  of  the  vitreous,  or  sffmhisis,  may  be  iliaguone 
with  Certainty  when  that  body  e«)nUtiiis  more  or  less  organ 
opjieitit!R  which  alter  their  position  ;ivith  great  rapidity  with  I 
movements   of   the   eye.      There   is  often  at   the   same   t 
increased  intnmoular  tension.     All  (vtses  of  liquefaction  of  t 
vitreous  ure  not  accompanied  by  tloatin^  opacities.     Thus  w 
may  see   crises  where  the   lens  has  been   dislociiteil    into  lb 
vitreous,  and  in  which,  from  its  free  movement  up  and  do 
with  tlie  movements  of  the  eye,  a  tolerably  complete  li»juefac- 
tion  of  the  vitreous  may  be  infernal  to  have  taken  place,  iii 
which  the  transparency  is  complete. 

The  diagnosis  of  li<piefaction  witliout  opacity  may  \^ 
extremely  ilifficult.  The  cause  of  such  cases,  l<x>,  is  often 
very  far  from  being  apparent  Sometimes  it  apjjears  to  be  u 
senile  change  unconnectcii  with  any  ehoroidal  disense.  C'on- 
densiitiou  of  the  vitreous,  on  the  other  hand,  niay  generally  be 
inferred  when,  along  with  more  or  less  diifuse  and  statiouary 
opacity,  there  is  eouaiilerable  diminution  in  the  tension  of  the 
eye.  This  condition  is  likely  sooner  or  later  to  be  eomplirate*! 
by  detachment  of  the  retina. 

l)iHuse  opacity  of  the  vitreous  is  a  most  consUitu  ateum- 
paniment  of  8)'philitic  choroiditis.  On  careful  ophthalmo- 
scopic examination  hy  the  direct  method,  the  ojweity  which  at 
first  sight  appejirs  to  W  diffused,  and  to  veil  the  image  receive^l 
of  the  back  of  the  eye,  may  Ite  seen  Ui  l>e  punetit'orm,  or  made 
Up  of  a  nmuber  of  cl(»8ely  packed  dots.  It  will  be  seen,  loo,  not 
Uy  occupy  the  whole  viti*e<m8,  but  to  Ite  confined  t<i  certAin 
layers,  so   that   to  W   piojH?rly   seen   certain   di8i4ijices   muAt 
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be  focussed  for.  When  this  is  done,  the  opacities  will 
(een  to  sway  about,  so  that  they  are  in  reality  hardly 
ary  as  might  be  supposed  on  superficial  examination, 
se,  as  a  rule,  greater  visual  disturbance  than  circum- 
^ating  opacities,  the  patient  complaining  of  a  cloudiness 
objects  seen,  and  often  at  the  same  time  describing  this 
pearance  as  swaying  to  and  fro.  Such  difiuse  opacities 
y  partly  clear  away,  and  then  reappear  several  times 
e  course  of  the  disease.  They  usually  last  for  months, 
tually,  as  a  rule,  entirely  disappear, 
itions  or  effusions  sometimes  coagulate  into  filamentous 
l-like  opacities,  which,  when  freely  moveable,  are  pro- 
r  the  patient  as  snake-like  black  objects,  which  are 
ly  changing  their  shape  and  position.  No  doubt  such 
have  given  rise  to  most  of  the  stories  of  thread-worms 
'■e.  Membranous  opacities  are  either  free  and  capable 
ing  as  they  fold  or  unfold  numberless  forms,  or  they 
to  the  papilla  or  retina  and  only  sway  about  at  their 
^  Sometimes  these  fixed  membranes  contain  newly 
lood-vessels,  but  the  vascularisation  of  vitreous  opa- 
rare.  A  few  cases  have  been  recorded  where  a  tine 
ous  network  containing  blood-vessels  has  been  seen 
itreous  chamber,  apparently  the  remains  of  a  foetal 

psed  portions  of  vitreous  often  become  rapidly  vascu- 

ut  this  does  not  extend  in  depth,  and  on  the  whole 

ittle  tendency  to  opacity  following  accidents  leading  to 

;reous,  provided  they  are  not  followed  by  infiammution 

■rgins  of  the  wound  in  the  ocular  cotits. 

ing  into  the  vitreous  takes  place  owing  to  the  giving 

)me  vessel  or  vessels  in  the  retina,  choroid,  or  ciliary 

This  may  be  the  result  of  a  trauma  or  be  due  to 

d  state  of  the  vessels  or  of  the  blood.     When  the 

tjserves  the  pretty  sudden  defect  of  vision  wliich  such  a 

[nay  occasion,  the  cloud  or  veil  which  comes  in  front  of 

often  appears  at  the  same  time  of  a  distinctly  red 

Wlien  the  extravasation  is  very  large,  the  blindness 

is  pretty  completa     Most  commonly,  liowever,  only 

of  the  vitreous  is  infiltrated  with  blood,  and  as  this 

gravitates  to  the  most  dependent  part,  the  cloud  is 
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^'enerally  thickest  iii  the  upper  portion  of  the  Held  nf 
^Jreat  ditferencea  are  observed  in  the  rate  of  absuirption 
blood,  diifereut^es  wliich  depcud  partly  npou  the  agr  ul 
patient,  and  partly,  no  doubt,  also  upou  the  statf  of  thee 
and  retina.     Often  a  paiticularly  slow  absorption  i>»  nallj 
to  the  recurrence  every  now  and  then  of  luemorrhAj;es  bed 
previous  extra vastition  hiis  proper!}'  cleared  away.    Tlte* 
tion  limy  be  complete,  or  may  leave  tiaky  or  irregularly 
opacities,  which  alter  their  position  with  the  inovemeuls 
eye  with  more  or  less  rapidity,  according  to  the  iluidiiy  uf 
vitreoua      These    nmases    are    pnijectt^l    as    black   spot* 
patches,  which  appear  to  be  constantly  in  motion  when  the! 
is  moved,  and  to  fly  or  move  slowly  upwards  when  it  bis 
to  rest. 

When  the  normal  consistency  of  the  vitreoub  has  doi 
much  interfered  witli,  the  blood-clot  may  keep  pretty  in 
the  Hue  of  sight,  and  thus  greatly  interfere  witli  vision; 
patient  may  learn,  by  making  a  sudden  movement  of  tfab 
to  get  rid  of  the  dense  cloud  for  a  few  seconds,  and 
able  to  read,  but  he  litis  constantly  to  rejieat  this  uwv 
and  is  only  able  to  make  out  a  few  words,  it  may  be,  at 
This  Kyriiptoiu  of  only  beinir  able  to  i-ead  a  few  words  at  a 
without  smJdeiily  altering  tfie  direction  of  tixation,  is  imlwd,* 
von  Graefe  first  pointed  out,  quite  characteristic  of  a  1«P 
blood-clot  in  the  vitreous. 

To  ophtliahuosco])ic  examination  the  blood  lying  in  '^ 
vitreous  appears  red  if  fresh,  and  black  if  some  time  has  eUptP 
since  tlie  extravasjition  took  place.  Often  the  red  reflex  frtW 
the  surface  of  the  blood -clot  may  be  made  out  by  obliilBi 
jllninination,  if  the  eye  be  brought  as  nearly  as  possible  in  ' 
line  Willi  the  convex  lens.  It  appeiirs  to  be  more  commonl] 
the  choroiil  than  the  retina  from  wliich  cxtraviisatioiis  of  bliXN 
take  place  into  the  vitreous.  At  all  events,  subsetjuent  change 
are  most  frequently  found  in  that  coat  Bleeding,  to<j,  oftri 
takes  place  from  tlie  anterior  jxirtions  more  readily  than  fron 
the  more  central,  a  circumst^mce  which  is  of  importance  m  * 
far  as  the  vision  is  on  this  account  less  likely  to  be  penu. 
damaged. 

A  somewhat  rare  but  distinct  clinical  type  of  disease  5 
occurrence  of  repeated  haemorrhage  into  the  vitreous  in  ji 
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Inala     This  nflection  was  first  described  by  von  Graefe  iii 

and  has  since  hurdly  received  the  attention  it  deserves. 

iDiB  to  result  from  periodic  capillary  liypenemia  of  the 

rid,  and  in  some  way  to  be  associated  with  irrit^ition  in 

generative  organs.      It   is   most  common   iu   yoiing  men 

effeminate^    as    distinguished     from    active    or    energetic 

Iperament. 


1b  the  cases  which  liavo  been  obwrvcd  iu  girlB,  the  connection 

mca^trual  disorder  has  been  most  marked.  Tims  Dor  has  re- 
W  a  case  where  tlie  tendency  to  rci»f-*rtto<i  lifcniorrhugG  into  tlie 
ms  ceased  in  a  young  girl  as  soon  as  menstruation  had  become 
lUishcd.  Epistaxis  ia  a  common  nccompiiniincnt,  or  rnther  is  met 
at  other  times  in  caoes  in  which  there  is  this  tendency  to  luemor- 
;e  into  the  eye.  As  there  is  never  found  to  be  any  dialheais  which 
ghl  account  for  an  altered  condition  of  the  blood,  it  seems  prribable 
tlie  true  pathology  is  more  of  the  nature  of  a  neurosis.  Ou  this 
!it  Ealea,  who  has  olwerved  a  nuniljcr  of  tinaci*,  remarks,  *'  fmm  the 
rter  of  the  b«emorrha*(e,  ami  fn>nj  the  eWdenco  of  local  variittions 
uldlion,  and  from  tho  alow  jmlse,  constipation,  Hiwhing  of  the 
idache,  and  puffiness  and  discolomtion  of  the  eyes,  I  am 
to  attribute  this  combination  of  conditions  to  a  neurosis 
both  the  circulatory  organs  and  the  digestive  system,  leatliiig 
One  hand  U)  partial  inhibition  of  the  muscular  movementtt  of 
i*  Iwwt'lis,  anil  to  a  vasomotor  contraction  of  the  vessels  of  the 
itntary  canal,  with  inhibition  of  its  secretor)^  functions,  thereby 
vnm^  dyspepsia,  consti^wition,  malnutrition ;  and  on  the  other  hand, 
a  conipeuaatory  dilatation  of  the  systemic  capillaries,  especially 
^ost  of  the  hi^.  and  in  these  crises  of  the  retina  causing  ovnr- 
Wt^tiMon  of  the  venous  system  and  systemic  rnpillnries,  witli  liability 
fuiiture  on  the  occurrence  of  any  inlensifWng  cause.  Hence  the 
liu'iic,  the  epistaxis,  the  retinal  ha-mnrrhages,  and  the  tortuosity 
"1  fulness  of  the  retinal  vesM;l»  ami  tem]>oml  artery."  Often  both 
[t»  may  he  affected,  but  prnbnbly  rarely  if  ever  at  the  same  time, 
ifp  9cems  to  be  no  greater  tendency  to  the  bleeding  taking  place  in 
ooe  eye  than  in  the  other,  tliough  in  the  leases  recorded  by  Kales 
Be  left  was  most  frequently  affected.  It  seems  probable,  too,  from 
"Scasftg  (jjgj  ^|j^,  haemorrhage  may  sometimes  come  from  the  retina. 
vn:w  is  also  enterUiined  by  I^dwr,  or  was  at  all  events  in  1876, 
the  time  of  publieatiDn  of  his  ijreat  work  on  liie  diacases  of  the 
He  give*,  indwd,  u  ilrawin^  of  such  retinal  h/emorrhage  in  a 
Pwjeerved  by  Weber.  The  oplttlialmosoopic  appearanecs  met  with 
^^Ott-GMea,  however,  on  the  clearing  away  of  the  )»lood  in  the 
.  Which  have  btM>n  well  described  by  Nieden,  leave  no  duubt 
»t  the  oxtrnvawalion  usually  takes  place  fMm  tlu'  choroid.  It  is 
ifkahle,  indeed,  how  ofteii  one  sees  retinal  litemorrhages  without 
^y  t^xtravoaation  into  the  vitreous.     It  would  appear  that  the  caeca 
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in  which  the  oiigin  of  the  hiemorrhage  S&  retinid  are  likely  U- : 
glnueonm. 

In  (wniie  cases  recover}'  is  eventually  complete,  tbou;,^ 
there  have  l>een  re|)e-*ited  attacks  tliig  ia  not  geni'.*   '" 
It  appears  possible  thnt  some  may  prfK^^etl  t-o  thf 
connective  tissue  tiands  on  the  retina,  and  thus  be  Uie  N 
of  rt'tinitis  proliferuns. 

A  peculiar  form  of  vitreous  *>pacity,  which  gives  ri«  l« 
very  beautiful  ophthalmoacopic  appearance,  is  that  caii-.>j  • 
the  accumulation   of   cholesterine   and   other  cr\-'  i 
vitreous.     As  at  the  same  time  the  vitreous  is  liii- 
dition  has  received  the  name  of  synchiaU  seintiUotun,  fruu  te.| 
glisteninji  caused  by  the  retlectiou  of  light  from  tlic  surffto**! 
the  crysUils.     On  oithUmlmowopie   esaminatitm  the  gliltCTO^' 
Spots,  whicli  have  much  the  appearance  of  small  |WJii  1-   * 
^olil  suspended  in  a  duid,  are  seen  to  dance  about  witu  i^ 
fllightoac  movement  of  the  eye. 

Wliether  these  crystals  are  the  result  of  fatty  ami  *>th<r 
degenerative  rlianges  wjiich  take  place  in  the  elements  nf  lift 
vitreous  itself,  nr  of  similar  chani^es  in  substances  which  bw 
piissed  into  it  from  the  choroid,  does  not  seem  very  ekar.  TV 
first  origin  is  not  improlxible,  from  the  fact  that  often  no  "tW 
changes  are  to  be  seen  in  the  eye,  and  the  vision  is  not  macb 
reduced. 

The  condition  is  one  met  with  almost  exclusively  lu  i»W 
peo]de.  Wlu^n  ftmud  in  younger  eyes  it  is  usually,  if  not  iii^in- 
ably,  secondary  to  some  serious  alterations  wiiich  have  vcrj 
nuu'h  imjmired  the  sight.  It  ofU-n  remains  stationary  for  vwift 
and  does  not  admit  of,  or  indeetl  eall  for,  any  trt-atujeal. 

The  proijmma  in  eases  of  vitreous  ofwicity  depends  on  ibf 
extent  to  which  the  organisation  of  the  opicitie^  has  fiOBfi 
When  the  eye  is  otherwise  healthy,  even  opacities  whidi  lu*"' 
lasted  for  sevend  incmlhs  may  evtmlually  disappear.  When  ll* 
vitreous  is  very  liipiid.  especially  if.  at  tlie  same  time,  thi'ir  ai« 
extensive  choroidal  changes,  the  condition  is  likely  to  remiia 
st^itionary,  or  at  all  events  not  to  improve. 

The  tnatmrnt  has  mainly  to  be  directed  against  the  cimO 
of  the  opacities,  so  far  as  tliat  can  be  discovered  The  coiwUttt 
electrical  cuirent  has  been  said  to  promote  absttrption  even  o^ 
floating  opacities.     This  ti-eatment  does  not  seem  t<»  hnvf>  Wa 
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loch  employeil,  aiul  is  nu  doubt  utterly  without  effect.     Other 
•jrv  inistwfirtby  niethixls  of  promoting  absorption  should  be 
Wed,  ftuth  as  piloearpiiie  injections,  wet  piickiug,  &c. 

isiSTENT    HVALOID   Artery. — lu  the  embryo  an  artery 

from  the  central  artery  of  the  retina  to  the  back  of  the 

•*0«,  where  it  divides  into  a  network  of  vessels  destined  for  the 

^3uri»*liment  ^A  the  lens.     This  disappears  altogether  before  the 

^nd  of  fcrtal  life,  but  the  transparent  sheath  by  which  it  is 

**UT^>uud<«l  persists,  and  forms  the  so-ciilled  central  canal  which 

*»B  iliscovercd   by  StiUing.     This  canal  is  probably  of  some 

uuportatxce,  either  in  connection  with  the  ntiurishnieut  of  the 

W  or  the  removal  of  effete  products  from  the  vitre<jus  chamber. 

Wn-  rarvly  more  or  leas  pronounced  riMHments  of  the  artery 

ivnuiiiL     In  such  cases  an  tipaque,  iisimlly  somewhat  tortuous, 

cord  cttu  be  seen  \iith  the  ophthabuoscope  to  stretch  from  the 

centre  of  the  papilla  forwards  to  the  bjick  (tf  the  lens.     Some- 

Umes  there  is  at  the  same  time  some  other  persistence  of  n 

fffiUl  structure,  such  as  remains  of  the  pupillary  membrane,  &c., 

mnd  \\  M  is  generally  not  of  noniial  acuity. 

il\~      •      'H  IN*  TUE  ViTKEoL's. — The  presence  of  a  cysti- 

c«vns  in  the  eye  is  altogether  an  extremely  rare  occun-ence 

in  tikis  countrj'.    The  disease  is  met  with  tolembly  fre*p»ently  in 

North   Germany;   in  Berlin,  for  instance,  acconling  to   some 

itotisties,  ouce  in  about  every  live  hundred  cases  treated  in  the 

oi '    '    '    i'     hos}»itals.      Its  development  takes  place  between 

111  '  I  .Old  the  ehon>id,  and  gives  rii*e  to  detachment  of  the 

reliiuL     At  this  stage  it  is  almost  always  possible  from  the 

colour  anil  shape  to  diagnose  the   cause   of   the   detachment. 

lAt4fr  *>n  j)erf oration  of  the  retina  takes  place,  and  the  j^riisite 

paflses  into  the  vitreous.     So  long  as  the  vitreous  ret^iins  its 

tnn^Nirency  the  vesicle  can  be  distinctly  seen,  and  its  nature 

^fiAgansed  by  the  movements  of  the  neck,  which  at  times  is 

pusheil  out  and  retracteil.     Indeetl,  the  ap{>earance  of  a  round 

and  fn^ely  mtivablo  vesicle  is  of  itwdf  sufticiently  distinctive. 

The  vitreous  becomes  sooner  or  later  turbid  owing  t«i  the  setting 

up  \A  irido-cycUtis,  and  the  diagnosis  may  thus  be  rendered 

difficalt  or  impofisible.     If  left  alone  the  intiammator}'  changes 

to  which  it  gives  rise  lead  Ui  destruction  of  tlie  eye* 

The  trmimml  therefore  consists  in  attempting  to  remove 
the  cjaticercufi.     Such  operations  have  been  frequently  per- 
21 
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formed,  and  with  very  great  succesa  Vision  is  not  ali 
preserved,  but  in  most  cases,  at  all  events,  the  eye  coma 
rest  without  shrinking,  and  without  the  necessity  for  em 
tion.  The  best  chances  are  presented  by  cases  in 
the  vesicle  is  still  sub-retinaL  The  success  of  an  opeiati 
depends  greatly  on  the  correctness  with  which  the  podl 
occupied  by  the  cysticercus  can  be  localised.  "When  at 
back  of  the  eye  it  sufi&ces,  according  to  Alfred  Graefe,  H 
determine  how  many  diameters  of  a  papilla  the  vesicle  bn 
from  the  disc  In  other  situations  he  makes  use  of  a  spediSf 
constructed  localising  ophthalmoscope,  which  enables  hioti 
calculate  with  sufficient  accuracy  its  distance  from  the  cawi 
margin.  Of  forty-five  cases  operated  upon  by  him,  twenty  wen 
completely  successful  One  case  is  recorded  by  Hansen  Gn^ 
in  which  extraction  of  the  parasite  from  the  vitreous  wi 
followed  by  the  retention  of  full  normal  visual  acuity.  !■• 
different  cysticerci  have  occasionally  been  met  with  in  tk 
same  eye,  but  there  appears  to  be  no  record  of  both  eyes  enr 
having  been  affected. 

Detachment  of  the  Vitreous.  —  The  vitreous  mav  to 
detached  from  its  connection  with  the  retina  by  a  blow, « 
as  the  result  of  exudation  taking  place  slowly,  as  in  cases  d 
selero-choroiditis  posterior.  The  space  left  is  then  pennanent^r 
occupied  by  fluid  in  which  there  may  or  may  not  be  smafl 
floating  opacities.  The  condition  is  no  doubt  frequent  in  ite 
higher  degrees  of  myopia  with  bad  vision,  also  as  a  forenmnff 
of  many,  if  not  all,  cases  of  detachment  of  the  retina ;  but  there 
do  not  appear  to  be  any  constant  signs  by  which  it  can  be 
diagnosed  with  certainty. 
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FoKsaoN*  Bodies  in  the  iVxTErcruit  Chamber. — A  fortei^i  body 
nMj  enter  the  autt^rinr  chuinber  1»y  |>u.s8iug  (iintrtly  thn)Ugli  the 
cnnustt,  and  Uiis  is  uuch  tlie  more  conimou  way ;  or  it  may  reach 
this  poailion  after  |>euetrating  through  the  iris  or  lens,  entering 
the  tye  thnnigh  the  sclera.  Tlie  wonnd  in  the  cornea  is 
mmenJly  in  ite  lower  half,  as  the  upper  is  mostly  covered  by 
xhet  \'u\,  but  it  Bometimefl  Impinnis  that  the  lid  is  peiionited 
^l>«rfotv  the  eiiniea.  In  that  eiise,  Iiowever,  the  force  of  propulsion 
mostly  carries  the  body  sleeper  into  the  eye,  lodging  it  in  the 
viir©<m$,  iir  choroid,  t>v  sclera,  or  even  in  tlie  orbit  Ixiyond. 

Tlie  presence  (tf  a  fnreign  l)ody  in  the  anterior  cliamber  may 
Cftose  more  or  les»  severe  inllajuiuation  of  the  iris  and  adjacent 
leading  in  the  worst  cases,  if  not  removed,  to  eventual 
tction  of  the  eye.  The  intlainniation,  on  the  other  hand, 
After  oimtinuing  for  some  time  may  subside,  and  the  foieign 
budy  become  encapsuled.  In  some  wise^  it  happens  that  the 
fnrdgu  bi*dy  Ues  free  in  the  anterittr  chaniVicr,  witliout  pHxlucing 
any  imtiitiou,  or  it  may  Ijccome  absorlx^l,  with  or  without  at 
tbesuue  tune  setting  up  inflamimitory  reaction.  Tlie  first  result 
is  by  far  the  moi-e  common.  It  occasionally  IiiLp):H?ns  that  the 
ttion  prixluced  is  limited  to  the  anterior  portion  of  the 
eye;  ami  this  may  eventually  lead  to  perforatittu  and  expulsion 
ift  the  fiireign  body  thn)ugh  tlie  cornea.  More  freijueutly,  how- 
c\*«r.  it  causes  either  slow  insiilious  irido-cyehtis  of  the  worst 
type,  or  more  active  purulent  irido-choroiditis,  which  is  followed 
by  phthisis  bulbi.  Euca]»s\iliug  is  very  rare,  but  it  not  so 
infrequently  ha])j«3ns  that  no  irritation  is  pnxluced  at  all,  and 
Om  result  is  most  common  when  the  foreign  body  is  a  piece  of 
oomL  or  cairbon,  or  of  scaue  chemiiudly  inactive  metal. 

No  doubt  the  effect  pnxluced  will  depend  in  gn^nt  measure 
itpoD  whether  or  not  septic  matter  has  been  introduced  into  the 
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eye  at  the  same  tiine.  It  is  not  easy  in  any  given  caae  to  make 
sure  of  this  point,  but  as  a  general  rule  hot  pieces  of  metal  arv 
jiseptic.  and  accidents  with  such  pieces  admit  of  a  better  pn)<^- 
ntjsis  from  the  Hrst.  Something  de[>endB  on  the  nature  of  the 
met*il  itself. 

Thus  Leber  Lhs  found,  hy  introducing  aseptic  portions  of  mcul 
into  the  anterior  t'liamber  of  rabbitti,  that  copjwr  givcH  rise  to  murh 
more  irritaliori  than  8t4?ei  or  iron.     Aseptic  portions  of  a  sewing-neeillc 
introtluced  into  the  autorior  cliaraber  of  a  rabbit  produced  the  foUuw- 
ing  cliangea  : — iSli^'lit  injection  round  the  lower  border  of  the  coni«». 
followed  after  a  few  days  by  a  thin  ycale  of  yellowish  exutlation  n)uin.l 
the  metal ;  no  ojiacity  of  the  at^ucous  humour  or  exudation  beyond  the 
immediate  proximity  of  the  foiviyn  body.     If  the  point  of  the  nor»llp 
camo  to  refit  tij^ainst  the  cornea,  it  Kradimlly  madu  iU  way  throuj^h  it. 
The  effect  produced  by  siniilar  jjortioiifl  ol*  copper  was  vor>'  dlllemit. 
If  they  touched  tlie  iris,  they  produced  a  marked  ciliary  injection  and 
grejit  hypeiiemia  of  the  iris,  l"olInwe«l  by  a  copious  purulcut  do[M*il 
round  the  Uictal.     The  roinea  in   the  vicinity  of  the  nieUil  becamf 
more  or  less  infiltrated,  and  sometimes  totally  destroyed,  whcreiipou 
expulsion  took  place,  and  a  relatively  good  cure  might  re«ult*     The 
inrtamuiation  was  always,  however,  confined  to  the  anterior  jmrtof  the 
eye,  i.e.^  to  the  neiylilMmrhootl  of  the  foivign  body.     In  another  eeriw* 
of  experiments  T>!ber  introthiced  into  the  anterior  chainWr  a  number 
of  tine  particles  of  copper  or  iron.     In  the  case  of  copi»er,  each  j»article 
became  surrounded  by  a  purulent  deposit ;  after  some  time  the  inflnninm- 
tion  sul»sided,  and  the  particles  of  copper  disapjx*ared  without  leaving 
a  trace.     In  tlie  case  of  the  iron  particles,  absorption  also  took  place, 
but  was  accompanied  by  much  less  irritation.     A  piece  of  copper  wire 
l>ushed  through  the  cornea  into  the  lens,  and  left  with  the  free  end  m 
the  aqueous  chamber,  was  found  to  prociuco  hardly  any  irritation  at 
all,  owing,  as  Leber  believes,  to  the  dissolveil  particles  of  copper  being 
at  once  taken  up   by  the  surrounding  albumen   before   comhig  in 
contact  with  the  vascular  portioua  of  the  eye. 

FoKEiGN  BoniES  IX  THE  iKia — The  iris  is  mi  the  whole  a 
rather  uncommon  site  for  a  foreign  Ixniy  within  tlie  eye.  as  the 
force  which  pn)j>els  it  so  far  is  mostly  sntticient  to  carry  it 
fnrtluT.  The  i)rc8ence  of  a  fon»ign  lx»dy  in  the  iris  is  likely  t*i 
lead  to  much  the  same  results  as  those  just  described  when  it 
lies  in  tlu»  anterior  chand>cr.  AKsorption  is  less  likely,  ami  imi- 
C4ipsuling  more  likely.  I  luive,  for  instance,  seen  a  case  where  a 
piece  of  steel  remained  eucapsuled  in  the  iris  for  lifteen  years 
without  producing  any  irritation. 

Tlie  hrst  eU'ect  which  a  f<»reigii  body  produces  in  the  iri»  is 
to  give  rise  to  hiemorrhage,  which  in  most  cases  is  so  slight  aa 
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(ly   have  become  absorlied,  or  to  liave  left  but  faint 
Viy  the  time  the  case  comes  under  ctbservatioii.     Mfwt 
Lucntly  tbis  is  fulluvreil  by  iritis,  the  syniptoiiis  of  wliich  ilo 
bet'oine  prominent  until  a  day  or  two  after  the  accident 
onling  to  tlie  size  and  nature  <»f  the  f<»reigu  body,  and  the 
ice  i>r  nhseuce  of    micro-organisms,  the    iritis,  which    its 
jiroduces.  may  l>e  purulent,  or  merely  plastic.     In  the 
'*^t  rase,  the   complete   destruction   of   the  eye  takes   pLice 
*^*l'i'ily  by  panopJitlialmitis;   in  the  second,  the  foreign  IxMly 
^••*«y  lnjcoiue  encapsuled,  or  intiammation  may  unintemipteiUy, 
liy  re<Mirrent  ailjickH,  cause  loss  of  vision  in  the  vray  commonly 
«t^ilh  in  cases  of  old-stajuling  iritis. 

FoREJOS  Bodies  in  the  PosTKmou  Aqueocs  Chamber. — 

'orti^u  btKlies  usually  lodge  in  the  posterior  aqueous  chand>er 

penetrating  tiie  eye  slantingly,  at  or  near  the  comeo-scleral 

ion.     Sometimes  the  external  wound  is  found  to  be  in  the 

i!  ]>ortion  of  the  coniea.     A  foreign  lx»dy  in  this  pisition 

invariably,  and  e8|)ecially  if  it  he  of  any  size,  sets  up  iu- 

ition  in  the  iris  and  ciliary  body,  and  often  gives  rise  at 

the  same  time  to  cataract 

T\u  Diagnosis  vf  Foreign  Bodif^  in  the  Aqueous  Ckarnhm'S 

|i4mrf  /m — The  hist*)ry  of  the  accident  must  Ije  carefully  in- 

•initvd  into.      If   it  turns  nut  that  the  eye  \\\m  been  forcibly 

stmck  by  rt  small  Ixxly,  tliere  is  tlie  possibility  or  prol»ability 

wi*l  it  has  penetrated  and  remained  in  the  eye.     The  cornea 

"'otild  then  be  examined  by  oblique  illumination  for  any  ap- 

P**rana'  of  a  scar.     If  none  be  found  on  the  cornea,  the  sclera 

*floril<i  also  be  examined,  but  the  absence  of  any  visible  cic^itrlx 

^^  is  not  conclusive  evidence  against  the  previous  existence 

w«  Wound.     P'ortunately  for  the  diagnosis  tlie  wound  produced 

'-'■  'I  foreign  kuly  lying  in  the  anterior  section  of  the  eye  is  at 

^'^^t  nine  limes  out  of  ten  in  the  cornea. 

Mlieu  a  fresh  wound  or  scar  is  discuvered  in  the  cornea,  the 

''•^stiou  arises,  has  or  has  there  not  been  perforation?      To 

/*^miine  this  we  must  observe — the  shape  of  the  pupil,  the 

.  ^l>tJiaud  contents  of  the  anterior  chamher,  the  addition  of  the 

.^   and  lens,  and  the  tension  of  the  eve.     We  must  also  notice 

**^ll>er  any  synechia',  anterior  or  iwtsterior,  have  formed,  rtr 

^^ther  thei'e  be  any  prolapse  of  iris  or  vitreous,  or  any  trace  of 

^^d  pigment  in  the  corneal  wound.     It  is  only  in  the  case  of 
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rvlutively  lai-ge  foreign  l>cnlies  that  the  teuslou  U  re^iuced 
cliaiuber  shallowed,  unless   the    patient   happens  W  )c 
immediately  after  the  accident,  when  the  diagnrisis  of 
foratinn  is  easier.     Any  pmlapsc  is  of  course  a  cerUiiu 
of   perforation,  while  wounds   of  the  iris  or  lens,  hjpl 
hypopyon,  and  synechiie,  point   more  or   less  coudnaii 
the  same. 

When  taken  along  with  the  history  of  the  accitlcnl 
been  caused  by  a  small  body,  an}'  or  several  of  thes**  evi 
of  perforation  render  it  extremely  probable  that  a  foreii^ 
is  lodged  in  the  eye,  and  the  next  point  is  to  determiue 
In  the  first  place,  is  it  in  the  anterior  or  posterior  aectioD  t 
most  important  aid  towards  the  s<3lutiou  of  thisjiojutis 
by  the  examination  of  the  vision  and  field  of  vision.    In  alll 
where  the  anterior  portion  of  the  eye  is  the  site  of  the 
body,   tlie   vision    corresponds    to    the  visible   optical  cl 
whereas  this  is  not  the  case  where  the  posterior  portion 
eye  is  that  into  which  it  has  jwnetrated.     If  it  l>e  in  the 
a)|ueoii3  fhiiuibcr,  the  diagnosis  is  always  difficult,  as  it  is 
hidden  by  the  ins,  unless,  as  sometimes  happens,  a  portion' 
may  be  slicking  out  beyond  the  pupillary  margin,  where 
l)e  seen   if   the  aqueous  and   cornea   be   clear.     AMien  ifl' 
position,  it  often  happens,  ioo,  that  the  iris  luia  been  penel 
and  the  diagnosis  thus  facilitated.     The  presence  of  a  fow|il 
body  iu  tlie  jHrnterior  chamber,  if  it  be  imt  very  small,  isalwijH 
indicated  by  a  pi-otrusiou  of  the  iris  over  it,  or  a  ilrawingnp* 
the  pupil  towards  the  spot.     Sometimes  these  appearances  i 
80  slight  as  to  make  the  supj^osed  cause  very  nnc^ruin, 
indeeil,  it  occttsi«>nally  happens  timt  ttie  tUagnosis  of  th^ 
of  a  foreign  body  in  this  position  is  im^iossible. 

Although  the  anterior  chaml>er  and  iris  are  free! 
to  view,  the  existence  of  a  foreign  Ixidy  in  eitlier  [xisitiou  is  D< 
always  easily  diagnosed.  Wlien  in  the  anterior  chamlier.  it  m« 
have  sunk  down  into  the  angle,  and  if  small,  be  difficult  i 
detection ;  or  tlie  cornea  may  be  hazy  at  its  periphery,  or  til 
chamber  occupied  by  more  or  leas  pus  or  blood  When  of  aq 
size,  if  the  cornea  is  clear,  and  there  is  no  hyphiema  or  hj'popjiil 
the  liody  can  generally  be  seen,  either,  in  fresh  cases,  in  il 
natural  state,  or  in  cases  where  some  time  has  elapseil  since  Ul 
accident,  surrounded  by  lymph,  appearing  then  usualli 
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'm^^.rply  tiefiued  yellowish  mass.  When  not  thus  directly  visihle, 
['oiiits  which  nevertheless  rentier  the  diagnosis  of  il5 
iice  more  or  less  certain,  are  a  localised  circumconieal 
j*vti(in,  and  tenderness  to  pressure,  with  some  retraction 
>  ^  the  pupil  in  a  particular  ilireetion,  usually  downwards,  where 
t-lr^*  f'lreigu  body  commonly  lies.  Apart  from  this,  the  existence 
inflttnimatory  reaction,  the  severity  of  which  would  be  greatly 
!  prujxirtion  to  the  trauma  if  no  foreicrn  element  existe*!  in 
—  ye,  is  of  very  considerable  diagnostic  importance. 

If  in  the  iris,  a  foreign  btniy  ca.n  generally  l>e  seen,  though, 

iX  small,  sitnie  care  is  necessary  in  the  examination,  and  a  doubt 

AV  fM^metimea  exist  as  to  whether  a  pai*ticular  appearance  is 

:tnitlly  caused  by  the  presence  of  a  foreign  hcHly,  or  is  merely  a 

lii^niii'iit  3^)01.     Sometimes,  when  the  iris  is  prolapsed,  the  foreign 

l>"»iy  is  found  in  the  prolapse*!  portion. 

Trtatment, — Very  small  portions  of  iron  or  steel,  if  they 

have  cwuserl  little  irritatinn.  may  be  left,  on  the  chance  of  nl>- 

s<iii.tiun  taking  jditet*  in   the  eourse  nf   time»  but  the  jwitient 

sJumld  be  kept  constantly  under  obserA'ation,  so  that  the  first 

«}Tnittom8  of  initation,  should  they  afterwanls  arise,  may  Ix' 

noticed,  an*!  an  atUnnpt  h^  nmile  to  remove  the  boily.     In  all 

of  iron  or  ateel,  the  simplest  method  of  removal  is  with 

fte  electro-magnet.     The  incision  necessary  for  their  removal 

ilwuM  be  in  tlie  corneo-scleral  margin,  and  except  when  the 

^ifice  of  metal  is  sticking  in  the  iris,  it  should  be  made  at  the 

wwiT  part  of  t!ie  cornea.     The  size  of  the  incision  must  l^e 

I'gtilated  uccording  to  the  size  of  the  foreign  body  to  be  re- 

noved,  and  should  always  l»e  bigger  than  it  is,  so  as  to  prevent 

'I*  lieiug  rubbed  ofV  as  the  magnetised  prol>e  is  witlKlrawn. 

I^''ti()ii8  of  the  non-magnetisiible  metals  or  other  suljstances 

*^e  to  be  removed  with  a  curette,  or  pair  of  rihbtd  (not  tixation) 

I)S.     In  tlie  case  of  small  lH)dies  lying  in  the  iris,  the  curette 

** dually  the  simplest;  for  larger  objects,  esi>ecially  when  they 

^  'ree  in  the  anterior  chamber,  the  forceps  are  preferahla     In 

^y  case,  the  wound  at  the  corneo-scleral  margin  must  be  made 

?j   ^uflicient  size.     Sliould  it  be  found,  after  the  foreign  boily 

^^  been  seized,  that  it  cannot  he  withdrawn,  and  Bometimes  it 

''■**tia  out  \A^  l»e  a  little  bigger  than  it  appeared  to  be,  the  operator 

^*%l  not  let  g(j  his  boh!  of  it,  but  jfroceed  as  best  he  can  to 

®^l«rge  the  wound  until  it  admits  of  its  removal     "Wliere  any 
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doubt  exists  in  the  fliagiiDsis,  a  ]>aracentesis  tnarle  witli  antiseptic 
precautions,  so  as  to  aihnit  of  the  escape  of  the  fluid  conlenlsot 
the  anterior  chamber,  slioiild  bt'  undertaken. 

In  the  case  of  foreign  Ijodies  eml)edded  in  the  iris,  it  i» 
usually  necessary  to  excise  the  portion  of  iris  in  which  thvv  Iw 
as  well,  Imt  an  attempt  may  be  made  in  the  first  place  t<»  renuwe 
the  foi*eigu  body  alone.  If  this  can  be  done  without  U)uch 
Laceration  the  iris  may  l»e  left;  if  not,  it  should  be  excise*!  la^ 
one  case,  where  I  removeti  a  piece  of  steel  4  mm.  in  length  fwi 
the  iris,  tlie  r>peration  was  not  followed  by  even  n  trace  of  intift. 

Foreign  l>odies  in  the  ]H:«terior  chamber  are  usually  ditficuUto 
extract;  ahnoat  invariably  it  is  necessary  to  remove  a  portion  of 
iris  as  well, — sometimes  the  lens  has  also  tn  be  extracl+Ml.     Tin' 
Itest  pliui  is  tu  attempt  to  siMze  the  foreign  liotly  through  the 
iris,  aud  cut  oH'  all  that  is  witlulrawn  through  the  opening  nuuie 
for  the  removal.     When   the  iris  is  prolapsed  in  an  acoiilent 
which  renders  the  lodging  of  a  foreign  bcKly  in  the  eye  possible, 
it  should  be  carefully  examined  and  l»atheil  with  an  antiseptic 
lotion  before  1  icing  returned  into  the  eye.    If  it  is  much  i>ruised, 
or  some  time  lias  elapse*!  since  the  accident,  it  is  better  to  cut 
off  tlie  prolapsed  portion. 

All  operations  performed  for  the  removal  of  foreign  bmlies 
re«[uii*e  great  steadiness  on  the  part  of  the  imtient,  and,  unless 
this  can  be  insured,  should  not  be  undertaken  without  aa 
anasthctic.  For  such  cases,  in  children  at  all  events,  cocaine  is 
insuHicient.  How  soon  and  how  completely  the  irritation  pro- 
duced by  the  presence  of  the  foreign  body  will  subside,  depends 
greatly  on  its  size  and  nature,  and  the  length  of  time  it  ha-s  re- 
mained in  the  eye.  The  possibility  of  sympathetic  intlannnatioit 
of  the  other  eye  has  always  to  be  taken  into  consideration  in 

Lthe  treatment. 
FoREitJN  Bodies  in  the  Lens. — When  a  foreign  body  enters 
the  eye  at  all,  it  is  perha]>s  on  the  whole  most  fortunate  for 
the  patient  if  it  happen  to  lodge  in  the  lens.  Little  or  no 
inflammatoiT  reaction  follows,  and  there  is,  practically  sj»eak- 
ing.  no  chance  of  sympathetic  ophthalmitis.  Inflammation  may 
arise  owing  to  the  wounds  produced  by  the  perforation  of  other 
sujM'rjacent  structures,  princiimlly  the  iris  and  ciliary  bo*Iy. 
A  small  foreign  body  passing  through  the  centre  of  the 
cornea,  and  lodging  in  the  lens  without  traversing  the  iris,  may 
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produce  so  little  irritattou  or  dkturbance  as  to  leave  the  patieut 
ifj^oront  of  having  sustaiued  so  severe  an  injury,  luitil  the 
viflioa  becomes  gradually  more  and  more  impairwl  by  the 
advancing  oj»acity  of  the  lens,  A  foreign  body  in  the  lena,  in 
fact,  almu^t  invariably  causes  cataraet.  In  rare  instances  only 
a  limited  opacity  aurroundin^r  llie  fnivign  body  results,  as.  for 
instance,  in  the  case  of  small  particles  of  gunpowder.  The 
cataract  is  no  doubt  freipiently  ciiused  mom  by  the  imbibition  of 
lutaeoiis  humour  through  the  rupture  in  the  capsule  than  by  the 
actunl  presence  within  the  lens  of  tlie  foreign  body,  and  great 
difTerences  are  consequently  met  \\\i\\  in  the  rapidity  with 
vrhieli  the  cataractous  change  advances — diJfereuces  depending 
nn  the  size  of  the  opening  in  the  capside,  and  the  length  of 
time  which   it  remains  open,  as  well  as  on  the  age  of   the 


rm.  98.— Piece  of  steel  in  lens. 


patient.  Small  capsular  wounds,  caused  by  small  bodies,  heal 
of  themselves ;  larger  ones  are  often  plastered  over  by  the 
over-lying  iris. 

A  lens  which  becomes  cataractous  by  lodging  a  foreign  body 
ifl  eventually  partially,  and  in  some  rare  instances  completely  or 
abuoet  completely,  ab8<irl>ed.  and  tlie  foreign  Uxly  may.  after  a 
longer  or  shorter  perio<l,  become  displaced  into  such  a  position 
OS  to  give  nse  to  serious  iniianimatory  disturbance.  More  or 
less  irritation  is  always  cnuseil  when  the  capsular  wound  is 
ffafficiently  large  to  allow  of  the  escape  of  lens  matter  into  the 
anterior  cluimber.  The  swelling  of  the  lens  within  its  capsule 
U  liable  at  the  same  time  to  take  place.  These  accidents  are 
better  toleratetl  in  the  young  than  in  older  individuals. 

Only  very  rarely  do  smsdl  foreign  bodies  Ktdge  in  the  lens 
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capsule.    They  cause  neither  much  irritation  nor  cataract,  only 
a  slight  opacity  in  the  capsule  itself. 

DUxijnmU. — When  penetration  has  taken  place  through  thd 
Bcleni,  the  cliances  of  the  foreign  body  l)eing  in  tlie  lens  are  very 
small,  but  it  may  Jmve  passed  in  obliquely,  either  tiinnigh  ibft 
ciliary  body  or  from  the  posterior  aqueous  chamljer.  When 
evi<lence  of  a  perfoniting  wound  has  been  fonntl  in  the  cornea 
with  the  history  of  a  small  particle  of  metal  or  other  sul>stanoa 
having  been  propelled  atjainst  the  eye,  and  yet  no  appearanre  c 
a  foreign  body  in  the  eliaraber  or  iris,  the  capsule  of  the  ler 
sliould  be  carefully  examined  by  oblique  illumination,  and  wit 
the  pupil  well  dilated  by  atropine.  In  difficult  cases,  examina- 
tion of  the  capside  niay  Ik?  pn^fi'vably  unidif  with  the  ophthal- 
moscope, by  reHecting  light  into  the  eye,  and  bringing  a  strong 
convex  leua  iu  front  of  the  ajierture.  In  this  way  the  wound  or 
scar  iu  the  ca])3ule  will  almost  always  be  detecteil  Wlien  this 
is  discovered  it  ia  certain  that  the  foreign  body  has  entered  the 
lens,  and  the  point  remaining  to  be  determined  is,  whether  it  haa 
passed  through  it  or  lodged  witliin  it.  Tiie  diagnostic  evidenca 
in  this  respect  is  either  positive  or  negative.  In  the  iirst  plac«, 
in  a  good  many  cases  it  may  actually  be  seen  on  obliqm 
illumination  nr  on  examination  with  the  ophthalmoscope,  in 
the  manner  described.  If  metal,  it  then  presents  a  glistening 
appearance.  Sometimes,  though  the  foreign  body  may  not  l>© 
dii-ectly  visible,  an  area  of  greater  satunition  may  V»e  maile  out 
in  one  particular  part  of  tlie  lens,  occasionally  with  a  distinct 
streak  of  opacity  running  up  to  it.  Tliis  portion,  or  it  may  be 
tlu'  wliole  lens,  may  at  thi*  same  time  exhibit  more  nr  leas 
coloration,  produced  by  oxidation  or  otherwise.  The  negative 
symptoms  of  importance  have  mainly  to  Ije  relied  on  when  the 
whole  lens  has  l>econie  opaque.  But  even  where  tliere  is  con- 
siderable  transparency,  the  diagnosis  wUJ  be  strengthened  by 
finding  no  evidence,  on  ophthalmoscopic  examination,  of  the 
presence  of  any  boily  iu  the  ileeper  parts  of  the  eye.  The 
negative  evidence  in  favour  of  the  lens  being  the  site  of  the 
foreign  body  known  to  have  entereil  the  eye,  consists  in  the 
first  place  in  a  diRpritp4)rtion  Wtween  the  lesion  and  the  irrita- 
tion set  up  by  it,  anil  also  in  the  absence  of  positive  moveable 
seotomatu  or  of  restrictions  in  the  field  of  vision,  such  as 
indicative  of  the  presence  of  foreign  bodies  iu  the  vitreous. 
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The  trmhnrtU  will  ilepond  on  the  ilegreo  of  opjicity  to  which 
the  forvi^  body  hits  given  rise.  In  most  crises  it  is  inadmissible 
I'l  jn'tform  any  operation  until  complete  catamcC  has  resulted. 
The  ejc<^ejitious  to  this  nre  aises  where  a  glaucomatous  comlition 
b  tt»i  up  by  tlie  swelling  of  the  lens  in  its  capsule,  and  iu  which, 
therefore,  immediate  extraction  is  indiciited.  In  other  cases, 
ttn^  in  which  the  opacity  in  the  lens  is  incomplete  and  prac- 
tically etntionaiy,  operative  interference  seems  sometimes 
jofititied  before  a  spt»ntaueous  ripeness  has  been  arrived  at.  In 
h  oases  some  method  of  artilicial  ripening  may  sometimes  be 
■tetl  to  first.  It  is  rarely  ndvisable,  iu  any  case  where  a 
foreign  body  is  Lxlged  in  the  lens,  to  attempt  any  oj^eration  but 
the  n-rnoval  of  the  cataract  through  a  large  section.  When  the 
Uxly  is  a  magnetisablo  metal  this  may  be  done  in  the  ordinary 
way  by  first  ruptnnng  the  capsule  with  a  cyst(»t<»me.  The 
piece  of  metal  then  usually  comes  out  along  with  the  cata- 
^lc^Jtt!(  lens,  but  shoulil  it  remain  behind,  it  is  geucrally  possible 

10  extract  it  with  tlie  electro-magnet,  which  should  always  in 
;h  operjitions  be  at  haiuL  In  ciises  where  the  piece  of  steel 
iron  is  seen  lying  immediately  behind  the  capsule,  the  magnet 

Khonld  bw  useil  liefore  completing  the  ex,tniftion.  In  the  case  «»f 
oon-magnetisable  suljstances,  although  they  may  often  in  the 
ssuue  way  be  removed  tdoug  with  the  cataract,  it  is  safer  on  tlie 
whiile  to  extract  the  lens  in  its  capsule,  if  the  case  admits 
otherwise  of  the  jierformance  of  this  operation. 

Foreign  Bodies  in  the  Posteriok  Section  or  the  Eve. — 
Considerably  the  largest  proportion  of  cases  of  foreign  bodies 
in  the  eye  are  tliose  in  which  the  ImkIv  has  penetrated  into 
the  deei»er  structures.  This  is  unfortunate,  because  of  the 
uncertaiuty  of  our  being  able  to  remove  the  foreign  Ixxly,  and 
because  of  the  tendency  to  siiniii>athetic  inflammati<tn. 

Largo  portions  of  metal  always  produce  so  much  destruction 
by  their  mere  presence,  that  the  case  may  be  hopeless  fi'om  the 
f:  ^  'T<'  in  all  but  a  very  few  case^  the  chances  of  operative 

11  M-e  l)eing  successful  will  depend  almost  entirely  on 
whether  the  patient  is  seen  soon  after  the  accident  or  not. 
Very  fn^juently  they  present  themselves  ton  late. 

As  in  the  case  of  foreign  bodies  linlging  in  the  anterior 
portiouA  of  the  eye,  tliose  which  are  found  in  the  vitreous  and 
poaterior  coata  paas  into  the  eye,  moat  frequently  through  the 
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cornea,  wounding  the  iris  and  lens,  or  the  lens  alone,  on  th 
way.  Some,  and  more  particuhirly  shot  pellets,  may  ti 
traverse  the  sclem  and  then  enter  the  vitreous  chamber. 
body  lU'opelled  iu  this  way  thiougli  the  sclera  may,  according 
the  inertia  it  has,  be  arrested  in  the  c(^»ats  of  the  eye,  at  t 
siime  side  of  and  near  ll»e  aperture  of  its  entrance,  or  it  vsit. 
drop  into  the  vitrei  lus,  loil^^e  in  the  coats  of  the  eye  at  I 
opposite  side,  or  penetrate  these  and  C4>nie  to  rest  iii  the  tissu 
of  the  orbit.  This  last  occurrence  is  not  so  very  uncommon 
the  case  of  gunshot  injuries.  If  tlie  foreign  body  does  no 
remain  permanently  fixed  iu  the  coats  of  the  eye  at  either  side, 
it  sinks  sooner  or  later  iu  the  Wtreous,  and  then  only  alters  its 
jiosition  owing  to  contractions  which  may  take  place  iu  the 
exudation  surrounding  it. 

The  first  effect  produced  as  a  i*ule  by  a  foreign  Ixidy  entering 
tlie  liack  portiiin  of  tfio  eye  is  ha-murrhage  from  the  choroiiJul 
vessels.  The  blood  usually  accumulates  at  the  anterior  part  of 
the  vitreous,  in  which  position  it  may  often  be  made  out  with 
tlie  opI)thahniiscoj>e.  When  it  lies  further  back  it  is  suggestive 
fjf  rupture  haviug  taken  ydace  uear  the  posterior  pole  of  the  eye. 
AVhen  much  blood  is  extravasated  it  is  not  long  in  sinking  to 
the  liottom  of  the  vitreous  chamber.  Tlie  vitreous  then  generally 
becomes  more  or  less  inliltnited  with  pus,  and  this  intiltraiiou 
may  Ite  accompanied  either  liy  violent  iniiammatory  symptpms, 
jjjMiophtbalniitis,  or  tliese  symptums  may  Ite  less  sevei'e,  but 
eveiituully  also  lead  to  shrinking  of  the  glol>e.  If  the  course  of 
the  C4iBe  be  carefully  watched  from  day  to  day.  the  first  symptoms 
of  a  purulent  inflanmiation  are  often  observeil  to  be  linear,  in 
the  fonu  i>f  a  streak  which  indicates  the  passage  taken  by  the 
foreign  body  through  the  vitreous.  Kot  infrequently  this  streak 
leads  to  a  place  where  the  infiltration  is  denser,  and  it  is  within 
this  denser  portion  that  the  foreign  Ixnly  lies.  Occasionally  a 
foreign  body,  after  setting  up  some  irritation,  becomes  encapsuled 
in  the  vitreous;  but  although  the  eye  then  comes  to  rest,  there 
is  always  the  danger  of  recurrent  attacks  of  intlammation  and 
ultimate  destruction.  It  should  always  Ije  remembered  that 
a  fresh  attack  of  inflammation,  even  after  there  has  lx»en  a 
quiescence  of  years'  dumti*ui,  may  give  rise  to  aymjwthetic 
ophthalmitis.  In  cases  left  to  themselves,  the  greatest  security 
against  sympatlietic  iutiammation  is  attbtiied  by  panophthalmitis, 
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ictiUrlj  if  this  should  1iap[>eii,  ns  it  souietintes  does,  to  lead 

ibc  sponUjieous  expulsion  of  the  forei^'ii  Uxly.     A  prutnicteil 

even  peruinnent  quiescence  is  most  likely  to  follow  when  the 

'ri'i^u  IkmIv  is  a  shot  i^llet,  fur  whicli  the  prognosis  is  moi'e 

ivounible  than  for  other  bodies  in  the  vitreous. 

The  re-suIt  is  more  favounihle  when  the  foreign  l»ody,  what- 
rer  its  nature,  is  situated  in  tlie  ocular  wall.  Most  frequently 
becomes  emV»e*hled  on  the  same  side  as  that  hy  which  it  enters 
w.  eye,  tlie  force  of  ]»ropul8ion  not  being  sufficient  to  carrj'  it 
ito  the  vitreous.  In  this  position  it  may  cause  companitively 
Ltle  irritrttitMi,  though  more  freipiently  slow  intlainmatory 
langes  ore  induced,  leading  to  loss  of  vision  and  phthisis 
bulhL  A  localised  ulcer  may  fonu  and  the  foreign  body  l>e 
spontanertusly  expelle*!.  \Mien  the  site  occupie<i  is  the  cihary 
body,  cyclitis  is  set  up  and  vision  greatly  reduced  by  opacities 
in  the  anterior  part  of  the  vitreous,  followed  often  by  cataract 
or  by  more  senous  changes.  "WTien  the  foreign  body  Wonies 
ludgetl  in  the  opptisite  wall  of  tlie  eye,  which  is  considerubly 
more  uDcommon.  the  chances  of  its  being  encapsuled.  and  good 
or  relatively  gaxi  sight  l)eing  retained,  seem  to  be  ratlicr  gn»at4*r, 
(hough  the  eye  can  never,  even  under  the  most  favourable 
drcunistauc^is,  be  looked  upon  as  absolutely  safa  Inttammation 
T'  *  -i  up  after  long  intervals  of  tinje.  Much  dej>eutls,  in 
t'  instance,  no  doubt,  upon  whether  or  not  septic  matter 

iv  intn*dDced  into  the  eye  at  the  same  time.  The  pnjgnosis  is 
relatively  good  in  the  case  of  shot  pellets  and  small  pieces  of 
rlrali  Steel  or  iitiu. 

Di/'ifTn'yi.-;  of  Fortign  Bodia  in  the   Vitreotis  ami  Posttrior 

U  0/  thr  Eyr. — Tlie  histury  to  be  obt-iiined  in  c^iwes  where 

?»  apjiears  reason  to  suspect  that  a  foreign  Uxiy  is  lodged 

tmewhere  in  tlie  buck  part  of  the  eye  is  often  very  unsatis- 

?tory,  especially  if  some  time  has  elapsed  since  tl»e  accident. 

ITilh  an  uncertain   his^Jry,  and   the  absence  of  any  exU^rnal 

scar,  the  diagnosis  is  often  a  matter  of  no  little  difficulty.     The 

prep<»oderaiice  of  cases  where  the  eye  is  pierced  through  the 

oomea.  is  only  al>out  half  as  great  as  in  the  case  of  foreign 

lies  iu  the  anterior  chamber  or  iris.    According  to  different 

itiiilics.  it  uuiy  be  taken  roughly  that  in  four  out  of  every  five 

the  cornea  is  wouude^l,  instead  of  nine  out  of  ten.     When 

«  cornoAl  wound  or  scat  is  found,  the  diagnosis  is  of  course  more 
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easy.  Furtlier  evidences  cif  perforatiou  are  then  Iih)); 
the  iris  and  leus.  The  relative  vahie  of  such  evid 
already  been  discussed.  The  \'itreoiis  luiist  next  be  e: 
with  tlie  ophthalmoscitpe.  Owiii^  to  the  great 
power  of  the  eye,  it  will  be  possii»le  to  see  even  very 
foreign  iKxlies  in  this  situation  if  they  occupy  a  position  v' 
can  be  got  at  with  the  ophthalmoscope,  and  if  the  opMCitta: 
the  leus  and  vitreous  are  not  too  great.  It  often 
therefore,  that  in  fresh  cases  one  is  able  to  directly  observe 
foreign  body.  By  causing  tlie  patient  to  l<x>k  well  down 
not  seldom  be  found  lying  at  the  buttoia  of  the  vitreous  di.iiiiw 
aud  wheu  metallic,  will  be  seen  to  glisteu  with  a  whitiah  or 
bluish-white  lustiu  There  is  just  the  p<»ssibility  of  ii:; 
air  bubbles,  which  ai*e  sometimes  found  in  tlie  vitreous 
accident,  for  portions  of  metal.  Air  bubbles  are  round.  mRb 
multiple,  and  glisten  at  the  centre,  while  they  appear  dulliad 
obsciu'e  at  their  margins.  The  glisttiuing  from  a  portiou  >i 
metal  is  from  its  maiyin,  the  rest  presenting  a  bluish  or  greeni*^ 
white  coloratinn.  If  this  i>oint  be  attended  Ui,  a  niietakc  or 
uncertuiiity  euiiuot  arise.  AVlien  the  external  wouud  luis  to 
in  the  sclera  it  is  often  not  easily  discovered,  even  when  itA, 
owing  to  surrounding  hremorrhtige  or  inflammatory  byperacuui 
A  recent  scar  may  Iw  detected  on  «>bli(iue  illuminalion,  ts^ 
perforation  may  be  inferred  wheu  the  superficial  iLisuw  ik 
tucked  down  tu  the  dee])er,  and  not  freely  moveable  over  tW 
In  fresh  scleral  wounds  the  prolie  may  be  use<l  carefnlly.  it 
doubt  exists  us  to  perfonition. 

If  the  patient  cannot  furnish  satisfactory  information  will* 
regard  to  the  Ixnly  by  whicli  the  eye  has  been  injured,  he  may 
possibly  remember  whether  the  vision  was  amch  affected  at  tli« 
time  of  the  accident  or  not     Obscuration  lasting  »»me  diipi* 
suggestive  of  there  having  been  hicmoiThage,  more  especially  i' 
followed  by  black  objects  tioating  in  front  of  the  eye,  but  this  i^ 
<if  coiuse  not  conclusive  evidence  that  anything  remaiu^  in  th* 
eye.     When  the  foreign  body,  or  the  yellitwish  mass  of  l)'mpU 
by  which  it  is  suiTounded,  is  visible  by  means  of  the  opbthil--' 
moscope,   we   may   sometimes,   if   the   history  is  doubtful, 
M'Keown  recomniemis,  obUiin  positive  evidence  of  ito  beit^ 
steel  or  iron,  by  obser\*ing  a  change  of  position  of  the  wbold 
mass  on  bringing  a  powerful  magiiet  iu  contact  with  the  eye. 
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The  dmgiinsis  of  the  position  of  the  foreign  body  when 
bj  the  ophthahnoscope  is  easily  made.  Wlien  it  is 
I  in  Uk"  C'Htls  of  the  eye  we  find  that  the  s*ime  lens  is 

uired  for  accurate  focussing  of  it  as  for  fcicussiug  the  rest  of 

ndus,  and  that  there  is  only  very  slight  or  no  jmnillax. 

frequently  in  such  cases  there  is  some  evidence  of  disturb- 

iu  the  cuat«  surrounding  the  foreign  IxMly,  often  a  whitish 

'        '1    lx)rdered  with   pigmeut,  where    the   choroid   has    been 

,  :i;re<l  at  the  time  of  its  lodging  in  the  eye.     It  is  only  rarely 

Miftt  tJic  glistening  of  a  choroitial  plaque  may  give  rise  to  an 

imnce  so  like  timt  of  a  piece  of  metiil  in  the  eye,  thut  some 

__ijity  may  be  experienced  in  making  a  c«jrrect  diagnosis. 
^  piece  of  metal  rarely  if  ever  glistens  all  over,  but  mainly 
at  its  margins,  whereas  the  glistening  fix»m  a  chonndal  plaque 
is  not  limited  Ui  any  particular  point,  and  in  fact  is  often 
all  over. 

"When  the  foreign  body  cannot  be  directly  seen,  but  the 
history  and  objective  appemances  of  j»erforation  point  to  its 
being  present  in  the  eye,  a  tenderness  on  prei«ui*e  at  some 
putictilar  |xtint  over  the  sclem  imlicates  its  position  in  not  a 
leur  caseSb  A  ^toint,  too,  of  diagnikstio  im[H)rtunce  in  a  doubtful 
caae  ib  the  existence  of  an  amount  of  inflammation  dispro- 
portiouitte  to  the  severity  of  the  tniunia  alone.  This  should 
always  gi^'c  rise  to  the  suspicion  that  something  is  lodged  In 
the  eye^ 

Attention  must  also  l>e  paid  to  the  nature  of  the  visual 
disturbances.  Ajtart  fntm  the  defect  corresponding  to  the 
visible  optical  change-s,  whieli  aloue  exist  in  tlie  case  of  bodies 
lodged  in  the  anterior  part  of  the  eye,  there  may  usually  be 
made  out  other  defects  as  well,  wlien  the  vitreous  chamber  or 
coats  at  the  bock  of  the  eye  are  the  site  of  tlie  foreign  body. 
Theao  art;  of  two  kinds,  positive  scotomatn  and  restrictions  in 
Uie  Belt!  of  vision.  Tlie  scotoma  may  be  either  the  projection 
t«rmilly  of  the  sluwlow  thrown  on  the  retina  by  the  foreign 

y,  or  it  may  be  due  to  a  lesion  in  the  fundus  of  the  eye. 
Bcatriction  in  the  tieUi  of  vision  is  due  tdther  to  the  presence  of 
hkiod  or  purulent  exudation  in  tlie  vitreous,  or  to  detachment  of 
the  retina.  This  restriction  in  the  field  of  vision  is  one  of  the 
BMVt  valimble  points  in  the  diagnosis  when  it  is  otherwise  dith- 
ctilt  on  account  of  opacity  of  the  lens.     Tlie  scotoma,  too,  niay 
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(limiaish  iu  size  from  absorption  of  exlnivftsuU'd  1!  -'  ' 
increase,  as  tlic  subsequeut  exudation  becomes  denser  aul  i.  :: 
copious. 

Trf ft fvtntt.— The snceessf ul  reraovul  of  foreign  Wtdies h m  i •' 
vitreous  and  back  of  the  eye  was,  until  comparatively  r>'"^i.r 
of  so  excessively  rare  occurrence,  that  practically  the  cliin  > « <i 
an  operation  undertaken  for  that  purpose  being  Bucc*«&ful 
nil.      At  the  present  time,  by  the   aid   of    the   luiignel. 
regultirly  introduceil  for  this  purpose  by  M*Keown.  agood  nit^ 
eyes  Jia\'e  l^ei^n  saved  which  must  pi-eviously  havelteen  l<«l. 
this  means  oidy  particles  of  iron  and  steel  can,  under  favi 
circuuistjiuces.  be  removed,  while,  with  regard  to  other 
we  are  imt  better  situated  than  l>efore.     Iron  and  steel  • 
form,  liowevrr,  a  liirge  proptjrtion  of  all  the  cases  u\< 
altli(n»};;li   the  exact  proportion   differs  very   much  with  ^\ 
lociility.      Tl»e  proportinu   is   besides    altogether   frreat- 
formerly,  owing  to  the  great  falling  off  in  tiie  nuniivr 
accidents  caused  by  the  bursting  of  percussion  caps. 

Tlie  elGctro-Mia^iet  naturally  soon  h 
|i»na  in  which  the  magnetic  force  woa  (w 
operative  purposes.  Snell's  oleclw-nia^'i 
94)  ifi  thus  described  by  himself: — **  It  ovii.-^«. 
a  core  of  solt  iron,  arouud  M'hich  cor©  is 
the  coil  of  insulated  copper  wire,  and 
again  is  enclosed  in  an  el>oTnte  ca*ia.  To 
end  of  the  instrument  are  attuched  the  si  rvw*  t' 
receive  the  battery  conueotions,  at  tlie  ■•tli'^f  f-v 
tremity  the  core  of  the  magnet  projects  ju- 
the  ebonile  jaoJtf't,  and  is  lajiped,  and  i 
sc.rowed  a  needle,  which  fits  closely  on  the  cn'l  "^ 
tlie  instrument  by  a  projecting  cap."  SiipII  »-■«» 
dirtVivntly---^lift]'('d  probes  to  screw  on  to  thf  msgm*^ 
and  tills  plan  has  been  adopted  iu  other  fortiH  i 
electro-uiagnt'ts.  .SnoH's  magnet  attached  lo  i 
ipiart  bichromate  cell,  is  ca|jable  of  lifliajj;  fron 
the  end  of  a  2-inch  probe  a  weight  of  ITSi^nw. 
It  is  of  ample  power  for  any  use  to  which  ii 
may  be  put.  Hirscldjcrg  employs  a  similJ' 
magnet,  8upplie<l  by  live  cells,  weigliing  b*'*' 
1  lb.,  and  capable  of  raisiug  a  weight  of  5'0 
gmis. 

The  following  excellent  rules  for  the  use  of  the  niagm-t. 
when  the  iron  or  steel  lies  iu  the  vitreous,  are  given  by  Hirsf^-" 


Fig.  94. 
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'vnr.    If  the  wound  in  the  sclera,  througli  which  the  piece  of 
toeUl  lifl?  jh^netrHtecl,  lie  still  open,  the  umgnet  should  l»e  at 
ooee  ihtnMlucetJ  through  it.     It  is  genernlly  luIvisaUle  toenlurge 
Jt  «lijrhtly.  so  RS  to  admit  of  the  easy  removal  of  the  metal  adher- 
">K  t.itlie  ma^et,  and  not  risk  its  being  rubbed  ofiT  on  with- 
drawal    Ki-ei<h  openings  may,  if  ueceusary,  be  maile   in    two 
■"uaiious ;   either  by  means  of  a  meridional  cut  through  the 
^"  1  fwrt  of  the  Hclerotic  coat,  or  by  section  through  the 

^'-  i.'nil  mni-ginj  the  vitreous  l>eing  reacheil  after  removal 

'*f  ihdens,  or  if  it  be  absent,  after  perforation  of  the  lens  ca[>sule. 
"inschU*rj!  difitinguishos  three  stages  after  the  accident,  in  which 
^^  operation  may  l>e  undertaken:   (1.)  The  primary  stsge,  that 
**»  before  inflammatory  symptoms   set  in  ;   (2.)  the  secondary 
'2f^^M,Vs  in  which  sucJi  snnpt<^»ra8  have  more  or  less  developeil ; 
^*iil  uJ.  >  the  i*?rtiary  sUige.  wlieu  fresh  irritative  symptoms  have 
^P|>**tvd  after  a  longer  or  shorter  period  of  quiescence.     Care- 
*^1  pnibin*;  with  the  magnet  in  the  firet  stage,  conducted  with 
prvtiier  antLseptic  precautions,  is  safe  enough,  and  shoidd  be 
^derlukeu  when  the  wound  is  in  the  sclera,  even  though  there 
uhiiiiM  lje  some  little  doubt  as  to  the  diagnt»sis.     Otlierwise, 
if  iherv  Ikj  ud  evident  external  wound,  and  when  the  diagnosis 
w  t4i  the  presence  of  the  metal  in  tlie  vitreous  is  not  ahso- 
\\iXk\\  crrtuin,  it  is  advisable  to  await  the  symptoms  (•f  the 
second  stage  l.»efore  proceeding  to  make  an  opening.      If  the 
furvign  iHxly  can  be  actually  seen  in  the  vitreous,  the  opening 
may  be  made  at  once,  and   such  casi»8,  of  cimrse,  aftbrd   the 
bc«t  opXK>rtunitiea  of  obtaining  satisfactory  results.     It  is  8eld(.»m, 
however^thttt  patients  jJi-eseut  themselves  until  the  second  stage 
tft  arrived  at,  and  then  the  opemtion  shouhl  geiierally  at  once  Im? 
rosurtcd  Lo.     The  section  in  the  sclem  should  lie  made  at  \i& 
lower  Hnd  outer,  or  lower  and  inner  pan.     It  sliould  be  5-G  mm. 
jifi  W^ngtli.  and  G-8  mui.  from  the  corneal  bonier.     Pieces  of  iron 
ftteel,  up  to  30  m.  gr.  in  weight,  may  be  removetl  during  the 
id  Mtage.  ami  yet  leave  a  chance  of  a  gtHxl  result.     AVhcii 
50-180  iiL  grs.  in  weight,  the  only  chance  is  a  primary 
opmti^ui,  and  when  much  larger,  even  the  successful  removal 
in  the  primary  st^^*  can  proUdtly  never  result  in  anything 
further  tlinn  the  retention  of  the  shaj^  of  the  eye. 

In  ctscs  of    p(»rtionB   of   non-magnetisable  metals   in  the 
vitreoua,  an  operation  in  the  primary  stage  is  hardly  justifiable, 
22 
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as  the  chance,  small  as  it  is.  of  the  foreign  btwly  being  e 
or  leading  to  relatively  little  irritation,  is  still 
that  of  one's  Ijeiug  able  successfully  to  remove  it    The 
may  l;>e  attempted  in  the  secondary  stage,  however,  when 
l>atient  has  been  preparetl  for  the  alternative  trealuieui 
ceration  or  enucleation  of  the  eye,  should  the  attempt 
it  is  likely  to  do.     In  any  wise,  the  incision  shoiild  W 
radially  and  not  circularly  in  the  sclera,  and  at  the  lowfei 
except  where  a  point  of  marked  tenderness  exists  in  Bome 
situation,  when  that  point  shoidd  l.>e  selected  instesul   1 
hxed  in  the  coats  of  the  eye  may  occasionally  l»e  seiwil 
forceps  and  withdrau^l,  and  a  relatively  good  result  be  ol 
Unfortunately  the  advisaliility  of  performing  any  »] 
fur  the  removal  of  foreign  botlies  from  the  eye  is  often  q 
able,  on  account  of  the  risk  which  is  then  run  from  sympiti 
itdlaniniaUon  occurring  sooner  or  later  in  the  other  eve,    Ij 
the  injury  hiis  been  so  severe  as  to  destroy  vision  from  tfac] 
there  can  be  no  hesitation  about  removing  an  eye  in  wfaj 
foreign  body  is  lodged.     If  this  can  Ik?  done  within  the! 
week,  e\*isceration  is  the  must  satisfactory  opemtiou— if  lat< 
enucleation.     A  difficulty  in  deciding  arises  in  most  of  tbej 
where  some  \'ision  is  retained,  and  here  much  will  depefl 
the  course  taken  by  the  iutiamination.     This  is  especiiillj 
case  where  the  foreign  body  is  a  shot  pellet     When  thej 
traliou  has  taken  place  through  the  scleiB  and  tlie  wound  uil 
it  is  sntall,  there  is  not  much  danger  of  any  septic  matter  hj 
been  introduced  at  the  same  time,  so  that  it  is  generally  ad^ 
to  make  an  attempt  to  keep  the  eye.     Wliere  the  exud 
can  bo  made  out  to  be  extending,  removal  of  the  eye  shoai 
ad>nsed,  but  an  attempt  may  first  be  made  to  extract  the  ^ 
body,  if  the  patient  thoroughly  understands  the  risk  whi( 
still  runs,  even  if  this  should  be  successful.     Other  poll 
this  connection  are  discussed  in  the  next  chapter. 


CHAPTER  X. 


SYMPATHHTIC   OPHTHALMITIS, 


GREAT  uuuilier  of  artections  of  the  eye  are,  or  are  snpposml  to 
V,  io  ei>me  measure  caused  by  intiamniatory  cx)nditions  wljit-h 
hare  pre-existed  in  the  otlier  eye,  and  are  consequently  looked 

D  as  gympnfhrtic.  Thus  cases  of  kenititis,  clioroiditis, 
'las.  retinitis,  detachment  of  the  retina,  and  even  glaucoma, 
h«Te  lieen  descrilied  as  sympathetic  in  their  nature.  ( Jlaucoma 
is  certainly  never  symiwthetic.  and  as  to  the  other  forms,  all 
that  can  l»e  said  definitely  is  that  their  exLateuce  is  extremely 
p^)blem^ticaI.  except  in  cases  where  they  are  at  the  same  time 
ted  with  infiammation  of  the  iris  and  ciliary  htn\y.  The 
which  is  generally  sjKiken  of  aa  symiwithetic  ophthalmitis 
is  an  indauimatiun  of  the  uveal  tract,  most  constantly  and  more 
aqtecially  of  its  ciliar}'  jiortion,  which  comes  on — rai-ely  sooner 
than  three  weeks,  and  often  mudi  longer — after  some  injury  or 
affection  of  the  other  eye,  which  has  l>een  followed  hy  more  or 
Ikss  destructive  inflammation  in  it. 

There  is  nothing  altsidutely  characteristic  about  a  sympa- 
th<i?tic  opiithalmitis ;  it  may  be  acute,  but  it  is  more  often  tlis- 
linrtly  chronic.  It  may  l)e  mild  from  the  first,  or  f»f  a  decidetlly 
aialignant  type,  and  it  may  l>e  wcovered  from  or  lead  to  cim- 
ble  or  to  c-omplete  blindness.  An  inflammation  of  the  eye, 
irhich  is  sympathetic  in  this  sense,  is  usually  very  protracte<L 
It  ia  either  altogether  jHiinless,  or  accompanied  by  but  little 
pain.  Tlie  insidious  and  dangerous  nature  of  the  disease  was 
tit¥t  jminted  out  by  Mackenzie  aKiut  the  year  1827. 

In  connection  with  this  subject  it  is  convenient  and  cus- 
bmuuy  to  use  the  following  terms.  The  eye  first  atfecteil  is 
called  the  rjviiirtff  eye,  or  shortly  the  ej^iter ;  the  other  the 
tffmpaihmng  eye,  or  tlie  spnjitxt hitter. 

The  inflammation  in  the  .sym])atliising  eye,  although  its  pru- 
w,  and  unaccompanied  by  well-marked  exlei 
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signs  of  iiiHaiuiiiation,  gradnully  gives  rise  to  all  the  change, 
ftiid  is  very  lialile  t^>  lie  followed  l»y  tlio  worst  consaqnenreH  i>f.a 
severe  irido-cyclitis.  Tlie  first  symptom  that  is  often  notictsi  is 
a  defective  degree  of  accommodative  power,  causiiij^  a  ditticullY 
of  seeinjr  things  distinctly  near  at  hand.  Some  turbi*lity  of  \\w 
aqueous  liuniour,  most  noticeable  in  the  urea  covering  the  pujuL 
may  frequently  be  made  out  about  the  same  time.  The  iris 
tlieu  loses  its  glistening  appearance  and  l^ecomes  muddy  and 
discdloureil,  while  sniechiie  form  between  it  and  the  lens  ca]*- 
sule.  There  is  tendeniess  on  pressure  over  the  ciliary  region. 
the  vitreous  humour  Wcomes  cloude<l  with  opacities,  and  the 
tension  of  the  eye,  which  may  at  first  be  increased,  becomes 
diniinisluML  A  new  formation  of  vessels  takes  place  in  the  ins. 
which  assumes  a  greyish  coltmr,  ami  a  tnmetied,  unhealthy, 
spopgy,  and,  to  the  practise<l  eye,  riyttnx.  rtpi)earance,  A  mem- 
biuue  siM>n  forms  across  the  pupil,  the  anteinor  chamber  becomes 
shallowed,  while  tlie  peiiphery  \A  tlie  iris  is  often  to  some  extent 
retracte«l.  In  some  cases  there  is  found  to  be  restiiction  of  the 
field  of  vision  in  a  moi-e  or  less  concentric  form,  ilue  pmbaldy 
to  extension  of  ihe  inflammation  from  the  ciliary  body  to  the 
choroid,  Detaclmient  of  the  i-etina  gradually  takes  place  owing 
t<»  thf  tmction  of  tlte  exuded  matter  in  the  vitreous. and  le«*ls  In 
conqilete  blindness.  But  the  inflammation  may  subside  before 
this  stage  is  reached,  and  a  certain  amount  of  vision  be  retaine^l. 
along  with  the  appearances  of  a  grejnsh,  thickened,  and  at  the 
some  time  atropliic.  iris. 

Symj»athetic  ophthalmitis  sometimes  takea  the  form  of  a 
senms  irido-cyclitis  fnnn  the  th-st.  AVIien  the  inflammation  in 
these  cases  suksities,  jis  it  is  more  likely  to  do  than  in  the 
malignant  plastic  form,  fair  or  even  very  good  vision  may  be 
retained,  but  even  such  cases  may  go  on  to  complete  bliudiifs- 

Some  cases  are  pi-ecedeil  by  what  is  called  HifmjHithctk  \rrit>\- 
tion, — that  is  to  say.  that  while  as  yet  there  are  no  signs  of 
jtual  inflammation,  there  may  be  photophobia,  lachrymation» 
id  pain  referred  to  tlie  back  of  the  eye  and  to  the  foreliead. 
This  irritation  is  in  all  respects  similar  to  that  experienced  in 
the  other  eye  wiien  a  f(>reign  b(»dy  lo4lges  in  the  opjwisite  con- 
junctival sac,  or  causes  stime  abrasion  of  the  coniea.  \\lien  Uy 
these  symptoms  of  irritation  are  added  circumconieal  injection, 
there  is  reason  to  fear  an  attack  of  s}Tnj>athetic  oplithalniitis. 
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But  lb«  syznpttmis  of  gympathetic  irritHtion  may  continue  to 
<?xwi  wilhcmt  ever  piissing  i»n  t<j  tlie  clreaded  inlliimumtion.  On 
tliifl  account  it  is  nf  imporlHiice  t<i  make  a  clear  clinit-al  ilistinc- 
tinn  l»elWiH.Mi  iiTilution  and  sympathetic  tiplitliulmitis,  Sym- 
paathetic  irritation  is  at  once  cured  by  removal  of  the  exciting 
^ye,  while  Huch  is  hy  no  nieann  the  caw*  in  Hym|)aLlietic 
ophthalmitis. 

Ab  a  general,  if  not  invariable  rule,  we  may  take  it  that 
lerc  cyditis  of  one  eye  sets  uj)  a  Bympjithetic  cyelitis  in  the 
^>ther.  the  exciting  eye  has  either  never  come  prrtperlv  to  rest 
ce  the  accident  or  disease  wliich  caiised  this  intiammation.  or 
fredi  irritation  has  begiin  after  a  ))enu+i  of  moi-e  ut  le«s 
imilou}^  (|uies(*enee.  The  renewed  inflammation  may,  it  is 
true,  he  accom|kanied  l.iy  not  very  marketl  symptoms,  but  there 
wiU  alwnya  Ix*  found  some  degree  of  tenderness  to  pressure 
or<?r  the  ciliarj'  region.  Often  there  is,  besides  this  evidence  of 
0vcliti«,  circumcorueal  injection,  lachrymation,  and  seusitiveness 
til  light  A  reiuUanunation  is  a  common  occuiTence  in  crises 
wh«?re  foreign  l»odies  are  lodged  in  the  eye,  owing  to  their  hav- 
8p*intaneonsly,  or  through  i^ome  fMissil)Iy  very  slight  accident, 
me  dislodged  from  their  cucapsuled  position.  This  possi- 
liiltty  litts  therefore  to  be  borne  in  mitul  in  all  eases  where  a 
foreign  body  is  known  to  l>e  retained  in  tlie  eye,  even  although 
coUijMirntively  tritling  initation  nuiy  have  foHowed  the  Jiccidcnt. 
A»  long  as  the  eye  remains  quiescent  tliere  is  little  or  no  danger, 
but  the  [wtient  must  Ite  wariicd  of  the  risk  he  runs  in  keeping 
the  eye,  and  be  urgently  cautioneil  to  .seek  advice  as  HCton  as 
tenderueas  or  redness  should  at  any  time  manifest  themselves. 
o\VM.  i(^».  on  previously  injui-ed  or  disease*!  eyes  are  liable  to 
up  fresh  intlanunation,  and  thus  lead  to  sympathy. 
Tlie  Committee  ap|Miinted  a  few  years  ago  by  the  Ophthalmo- 
l[j|n<^^  S<x!iety  to  arrauizea  collective  investigation  on  the  subject 
of  ftym^mthetic  ophthalmitis,  came  to  the  conclusion  that,  in  some 
iuflUnoes  in  which  a  long  interval  sejmrates  the  iutiamnmtions 
of  the  exciting  eye  and  that  of  the  Kym|iiithiser,  tlie  funner 
might  nt  the  time  l»e,ttnd  have  for  long  bt^en,  pt-r feet ly  quiescent. 
The  posBihility  of  such  l»eing  the  ca^e  should  therefore  l>e  borne 
in  mind,  though  more  evidence  may  be  reasonably  rerjuired 
before  it  can  lie  accepted  as  an  undoubted  fact. 

The  condition  of  the  exciting  eye  at  the  time  of  its  causing 
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syiupathy  is  one  not  merely  of  iiiflaniination  alone,  but  of  mfiBTn-*] 
mation  which  is  not  sufficiently  se^'cre  to  causae  purulent  destru*.- 
tiou  of  the  tissueii,  and  whicli  at  the  same  time  is  not  accom- 
panied by  so  much  serous  discharge  as  to  give  rise  to  prolongedj 
increased  tension.     Sympathetic  ophthidmitis  very  rarely  result*] 
from  panophthalmitis,  aud  all  the  more  rarely  the  more  compIeteJ 
has  l)€en  the  destruction   by  the  purulent  intlammation.    A.] 
glaucomatous  condition  of  the  eye,  too,  whether  arising  from 
increased  secretion  or  inif>eded  excretion  of  tiui<ls,  is  very  rarely 
a.ssociated  with  a  condition  liable  to  excite  sympathetic  intiam- 
mation.     A  soft  rye^  in  irhich  pn-fomtiont  either  from  accidmt 
uhrrfttioii,  has  at  any  time  tohn  plaee,  awl  which  is  tender 
presiurt^  is  that  which  en/hnf/trs  the  uifely  of  the  otJter.     Oftei 
8uch  eyes  ai-e  at  the  same  time  blind,  but  this  is  not  always  thi 
case,  altliough  it  is  i*are  that  they  have  retained  any  consider^ 
able  degree  of  visual  acuity. 

SymjMxthetic  opiithaluiitis  is  mast  frequently  the  result 
some  injury  to  tlie  other  eye;  the  wounds  whicli  give  rise  to  i] 
may  occur  in  any  part  of  the  eye.  Wounds  in  the  ciliarT 
region,  or  extensive  cuts  involving  the  ciliary  region,  and  ^it 
llie  same  time  leading  to  considerable  loss  of  vitn^tus  hiuiiimrij 
are  the  most  dangerous  in  this  respect.  Mere  corneal  woun<l 
may  be  followed  by  syiupathy,  but  in  such  cases  they  ai 
probably  alwiiys  sufficiently  severe,  either  in  extent  or  frouil 
tlie  manner  in  which  they  have  been  inflicted,  to  give  riae  to] 
more  deep-seatal  inflammation  in  the  eye. 

The  excitation  may  also  arise  from  operations  performed  oaj 
the  eye.     Of  tliesc  causes  the  mcjst  conuiion  are  extraction;* 
cataract,  especially  in  such  cases  whei*e  from  encleisis  of  iha] 
iris  or  vitreous  the  healing  process  has  been  slow  aud  «coom< 
I>anied  by  considerable  inflammatory  i-eaction.    Other  oj>eraiioi« 
occasionally   fidlowed    by   sjinpathy  are  —  needling   for  a| 
cataract,  iridectomy,  abscission  of  staphylomata,  &c. 

Of  the  spoutaueous  diseases  of  the  eye  which  pnxhice  ophtlwi 
niilis  in  the  other,  the  most  common  are  the  various  fttmis  u 
perforating  ulceration  of  the  coniea,  especially  when  such  per*] 
fitration   is   followed    by    more    deep-seattMl    inflammatiiui    andj 
slniuking  of  the  eye.     Curiously  enough,  however,  a  perfomtu 
which  host  arisen  from  within  m  not  so  liable  to  he  followed  U 
gympttthetic  ophthalmitis  as  ojie  which    h'as  iaktn  place  /rot 
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%citKMtL  lutnuxular  tumours,  when  they  set  up  cyclitis,  may 
mlto  occasion  syuipatliy,  though  this  prolMibly  does  not  occur 
tmtil  tliey  have  reachwl  the  third  stage,  autl  produced  perfora- 
tion of  the  Cittita  (»f  llie  eye. 

The  question  &s  Us  whether  or  not  true  sympathetic  inflam- 
imtinn  ever  occurs,  wliere  there  has  at  no  time  been  perfora- 
tion of  the  eye,  is  one  which  can  hanlly  be  said  to  be  yet 
decided.     It  is  an  important  question  in  connection  with  the 
pfttfaologj  uf  the  ilisease,  us  will  l)e  seen  when  this  is  discussed. 
All  cases  in  which   a   destructive   form   of  cyclitis  or  other 
uveitis  occurs  fii'St  in  one  eye  ami  then  in  the  other,  are  of 
coarse   not  necessarily  of  a  s}nnpathetic    nature.      Tlie   real 
difficulty  in  alt  non-traiuuatic  cases  is  to  determine  whether 
thr  seciind  eye  is  affected   on  account  of  the  first — that  Ls, 
whether  the  condition  of  the  first  eye  actually  sets  up  that  of 
the  ivcond,  or  whether  the  disease  in  Uith  is  not  due  to  the  same 
CSUiie.  as  so  often  happens  in  iritis,  in  glaucoma,  cataract,  and 
rr  afTeetions  of  the  eya     Only  in  cases  where  the  first  eye 
been  injureti  without  being  perforated,  and  l>ecome  inflamed, 
been  subsequently  followed  by  cyclitis  in  the  second  eye, 
oouM  the  presumption  l>e  greatly  in  favour  of  the  s}Tupathetic 
of  the  cyclitis  in  the  second  eye. 

From  Moorea's  statiatics  1  Hiid  12ft  cases  of  sympathetic  ophthnl- 
mitis  in  which  the  exciting  cause  ia  given.  Of  these  the  eye  wna 
injured  or  perforated  in  somo  way  in  93.  In  27  of  tho  93  on  opera- 
tioQ  had  been  perfurmed — sixteen  times  couching,  ten  times  extruction 
of  eMUnct,  luid  in  one  case  for  traumatic  cataract.  In  20  more  out  of 
\hm  125  cases  the  exciter  was  shnmken  at  the  time  of  tho  examination^ 
kod  of  lhc«e  it  is  only  expressly  totaled  with  ]*eganl  to  three  that  there 
WW  DO  trnmna.  It  ia  not  clear  from  the  diagnosis  given  in  each  ca^e 
of  phthifiiit  bulhi  whether  or  not  this  crmditinn  was  preceded  by  any 
^^HBlpMion.  ()f  the  remaining  twelve,  eleven  had  some  form  of  com- 
HHpiplid  or  uncomplicAted  uveitis,  and  one  detachment  of  the  retina 
"  alooe.  Muoppu'b  statistics  include  a  num>>er  of  other  forms  of  sxTujm- 
ihetic  atTcctinns.  These,  as  explained  at  the  l>eginning  of  this  chapter, 
an  pur]>oi)n*Iy  exclmlcd  in  our  consideration  of  the  subject  of  6)'Tnj>a- 
tbrtic  ophthalmitis,  partly  because  their  sympathetic  nature  is  by  no 
limm  always  absolutely  clear,  hut  mainly  because  they  do  not  ixtssess 
the  same  importance  from  a  clinical  and  practical  point  of  view,  as 
do«»  ihe  more  common  and  more  serious  form.  Of  his  cases  of  sj'mpa- 
irritation,  twenty-one  are  useful  for  reference,  as  the  exciting 
aa  given.  Eighteen  were  pnxluced  by  perforating  injuries 
mations,    while    in    the    remaining    three,   although    there 
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was  cyclitift,  it  wjia  not  stated  whether  or   not   it  was  set  iiji 
injury. 

The  conclusion  arrived  at  by  the  Committee  of  the  Ophthftlnwr 
gical  Society  already  referred  to  was  "  that  sympathotic  ophthflliiii 
occurring  without  u  perfomting  lesion  of  the  exciting  eye  is,  if  n^t  >■ 
kiit'wu,  at  any  rate  extremely  rare,"     They  were  iina}»!e  to  iiini 
lunUuihted  amea  of  sympathy  without  perforation,  the  nearest  apppjii 
to  this  heing  a  few  cases  of  intraocidar  tumour.     Such  c^ses  mig! 
however,  be  deceptive,  an  it  is  well  known  that  tiunour  growth  is 
t<i  occur  in  the  site  of  some  oM  injury. 

It  is  not  quite  clear  whether  synipathetic  ophthaluntis 
more  likely  to  occur  in  some  individuals  than  in  others.     Accor 
iji^  tn  some  writers  there  is  a  greater  tendency  to  it  in  youn 
individuals,  whilst  others  again  have  held  the  opposite.     Gun 
has  pretty  conclusively  shown  that  there  is  little  foundation  foi 
the  former  belief,  and  indeed  that  if  tliere  is  any  difference  a 
all,  it  is  probable,  vvliiiu  due  allowiiiice  is  made  fur  the  rehitiv 
nunll^€r  of  accidents,  that  the  liability  is  greater  in  advanc 
life.     Mackenzie  believed — but  without.  I  think,  any  very  g 
reasons — that  it  is  more  freiiuent  in  indiviiluuLs  addicte*!  T<»  th^ 
excessive  use  of  aliohol  and  tobacco. 

Tlie  interval  wliich  elapses  between  the  injniT  to  the  tirsC^ 
eye  and  the  outbreak  of  sympathetic  infiamniation  of  the  SfConA 
is  very  variable.     It  is  nirely  h'ss  than   three  wiH^ks,  ami  may, 
aa  has  several  times  been  observed.  Ih?  longer  than  tliirty  yeara. 
Gunn'sstatiatic-sshowa  preponderance  of  cases  occurring  U'Uveeii 
the  third  and  fourth  week.     On  the  other  hand,  the  committee 
on  sympathetic  ophthalmitis  only  found  eighteen  cases  out  of 
over  two  hundred  in  which  the  interval  was  four  weeks  or  less. 

This  proportion  is  certainly  altogether  too  small,  and  \»  evidently 
due  to  a  want  of  att^iutiou  on  the  part  of  the  conlributorH  to  thi.««  iwinl, 
as  in  fact  comparatively  few  answers  were  received  to  the  tpieationa 
fornmluted  by  the  Committee  regarding  the  duration.  (»f  these 
eighteen  ("ases,  six  began  after  four  weeka,  six  after  three,  two  Ix-tween 
two  and  three  weeks,  and  four  two  weeks  or  less  afl^r  the  accident 
Two  of  these  last  are  cortainlv  doubtful ;  still  it  is  im[)ortAQt  to 
remember  tliat  an  interval  of  not  more  than  ten  days  may  very  ex- 
ceptionally inter\'ene  hetweon  the  primaiy  and  secondary  legions. 

The  influence  of  the  length  of  Lnter^•al  before  the  outbreak  ai  the 
inH  am  Illation  in  the  sympathising  eye  on  the  severity  a8  wtfll  as 
eventual  issue  of  the  disease,  was  another  point  to  which  the  ahove- 
montionetl  Committee  directe^l  their  attention,  the  conelusion  arrived 
at  being  that  the  prognosis  is,  on  the  whole,  better  when  the  disease 
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*t>tn«»«  nn  ftfUr  a  short  than  aft«r  a  long  iuten'ol.     The  ftccompanying 

'i  U  given  l:iy  (Jiinn,  showti  tlie  relation  lietweeu  tlie  length 
v.il  ftnd  the  result  iis  w>>Il  as  the  chnrncti^r  of  the  intlunniui- 
A  Bhort  ii»terviil  waa  one  umler  a  month,  a  moderate  ono  from 
h  to  ayeur,  and  a  long  one  mort*  tlinn  a  year. 
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liit«r\*al 
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luflAUa.      ReaulL 


Jlmltrale. 

IiifUuu       Reaiilt. 
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Severe  or  Bad. 
InfUnu       Result 
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11 
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4 

18 
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Frnm  thia  table  Gunn  conclude«  "that  the  interval  n]i|>eara  to 
r  nit  relation  to  the  severity  of  the  disease  in  these  eases  ; 
tendency  to  a  IumI  result  may  be  aaid  to  have  beert  rather 
with  a  short  than  with  a  niodemte  or  a  long  one."     Tliie  con- 
is  therefore  tlie  reverse  of  that  come  to  by  tlie  Committee.     We 
ly  take  it  for  gninte<l,  then,  that  if  any  dillercnce  in  tltis  re6]>ect 
at  all,  it  is  practically  unimportant. 

So  far  AS  any  practical  couaiderntions  are  concerned,  there 
ia  DO  difforeiice  in  the  severity  or  result  of  the  syniiiathetic 
iafiMiinuitiou,  wljetlier  a  shoit  or  h  long  interval  intervene 
lieiween  the  primary' lesion  and  the  characteristic  changes  in  the 
B]rni|JAthiaing  eye. 

Gunn  has  fouml  the  type  of  inthimmation,  as  well  as  the  result, 
TvUtively  severe  after  operiitiona.  His  atutiaties  also  show  tliat  the 
pnnition  of  the  injury  in  the  case  of  acoiiJenial  wounds  could  not  be 
shown  U\  Imvp  any  influence  on  the  character  of  the  inflavmnation  or 
thr  re*<ult.  He  rvmarks  that  *'  wounds  of  the  ciliary  regiou  had  as  low 
;i  _«•  of  ftevi-rity  as  those  confined  to  the  cornea,  with  implica- 

te iris.     Similarly,  tlie  nature  of  the  i^istrument  appeared  to 

nutke  no  difference  in  this  respect" 

TrmtwmU, — In  the  treatment  of  sympathetic  ophthaluiitis 
we  hikve  to  consider  what  can  and  might  in  any  particular  case 
lie  done  in  unler  to  prevent  the  occurrence  of  sympathy — that 
ta  to  aay^  the  propliylaxia — and  also  what  is  to  be  done  when 
the  disease  has  already  showu  itself,  both  with  respect  to  the 
exciting  as  well  as  the  sympathising  eye.  There  are  few  diseases 
in  the  whole  range  of  surgery  in  connection  with  which  such 
i£Bciillies  inuy  arise  as  to  the  right  course  of  treatment  to  be 
lopted.  Tlie  complete  removal  of  the  exciting  eye  has  licen 
hitherto   the  main   prophylactic  treatment  adopted^  although 
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other  operations  have  from  lime  to  time  been  aubirtituted 
such  as  eWaceration  of  the  glol>e.  section  of  the  optic  and 
nerves,  or  of  the  ciliary  nerve  alone. 

There  ciin  lie  no  ilonlit  that  the  removal  of  the  ont 
capable  of  preventing  the  attection  of  the  other  eye.  which 
otlierwise  take  place.     If  it  always  did  so,  uiueh  of  the 
in  (loiiling  with  cases  liable  to  excite  sympathetic  inti 
wciuld  difiapj>ear.     But  it  occasinuully  hapi>ens.  though 
less  frequently  relatively  than  some  supi»ose,  that  the  ntherei« 
is  affected  after  complete  removal  of  the  injured  < 
As,  however,  it  is  very  easy  to  overlook  the  tirtt  " 
mation  in  the  sympathising  eye,  it  is  more  than  probable  ihA 
many  cJises  recurdeil  as  first  beginning  after  enucleation  hflmriu 
reality  begun  l>efore,  and  escaped  obsen'ation.     In  two  tuswoi 
this  nature  in  which  I  had  an  opportunity  of  obs^rvinj!  ^ 
ouHct  of  the  sympathetic  ophthalmitis,  the   outbreak  in  ^ 
second  eye  took  place  only  a  week  after  tlje  removal  of  th«  fint. 
In  the  one  the  euucleatioii  was  jxirformed  six  weeks  after  injuiji 
in  thL*  other,  three  weeks  after  renewed  intlammation  lia»l  be^ 
in  an  eye  injured  three  years  before,     I  liave  met  with  sevenl 
other  instances  of  sympathetic  ophthalmitis  appearing  firelA^ 
enucleation,  but  have  not  had  an  opportunity  of  determiuuiU 
the  exact  time  which  elajiscd  lK?fore  the  inflammation  be^no- 
In  thirty  cases  discussed  by  the   Committee,  already  wveaB 
tinges  referred  to,  the  interval  l)etween  the  enucleation  and  lb*] 
appearance  of  synipiitheiic  disease  was  under  three  weeb  i* 
twenty-five  cases,  and  more  than  tliree,  up  to  as  long  a«  eight! 
weeks,  in  five.     The  practical  point  to  l)e  gathered  from  thisi^i 
then,  that  if  three  urihs  hair  ehtjfsed  since  atufhafion  then  wrf*» 
a  pojwbUiit/,  but  ertvcmchf  h'tftf  pnttxthili/i/,  of  the  rrmitining  <yi^ 
if  it  has  ^yreinoitsltf  been  scnind^  bccomittg  affecttd^  while  a 
mmiths  it  may  be  cimMcrcd  ahsolvtdy  mfc. 

The  sympathetic  intiamnmtion  never  occurs  if  the  first 
be  removed  within  twenty-four  hours  after  it  has  been  injuTfi 
and  very  rarely^  if  ever,  if  the  oj)eraLion  is  performetl  within  thi 
first  week.  The  decision,  therefore,  so  far  as  the  surgeon  is  con- 
cerned, is  not  so  difficult  to  come  to  if  the  case  slioulJ  happ^a 
to  come  under  treatment  from  the  first,  and  if  the  accitleat  luii 
been  so  severe  as  of  itself  to  cause  complete  and  permaneatl'^ 
of  sight.     There  can,  tlien,  rarely  1^  any  doubt  of  the 
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/or  enucleation,  and  under  these  circumstances,  too.  when  the 

potieiit  is  informcnl  of  the  riek  which  would  afterwards  be  run 

^'y  the  renminiug  eye.  it  is  seldom  that  he  will  not  give  his 

ouDsent.     In  cases,  however,  where  some,  and  still  more  in  cases 

where  considenible  sight  remains  after  un  neeident,  it  may  not 

U?  so  easy  for  the  surgeon  to  decide  on  operating,  or,  if  he 

should  deem   removal  of  the  eye  necessary,  to    obtain    the 

patietit  s  consent. 

The  desirability  of  enucleating  in  any  i}articular  case  will 
depettd  on  the  severit)'  and  extent  of  the  injury  received,  as  well 
•M  on  whether  or  not  there  has  been  a  likelihood  of  the  intro- 
duction of  septic  matter  into  the  eye  at  the  siinie  time,  or  shoilly 
afterwards.  All  wounds  involving  the  ciliary  region,  and  made 
vjth  some  dirty  instrument,  especially  if  tliey  have  l>eeu  suHi- 
cieutly  extensive  to  allow  of  the  escape  of  xntreous,  are  so 
dftngerous  that  an  immediate  removal  of  the  eye  should  be 
Uif^.  Cleanly  cut  wounds  with  anything  which  is  itself  clean, 
such  Bft  steel  or  glass,  are  leas  dangerous,  and  when  the  vision  is 
not  destroyed,  an  attempt  should  be  made  to  keep  the  eye,  by 
avoiding  as  much  as  pt»ssible  everj'tliing  which  would  be  likely 
U>  set  up,  or  keep  up,  inflammation.  Tliua  the  wound  should 
be  ireAled  antiseptically  in  the  manner  frequently  descril»ed 
already,  the  eye  should  !>e  bandaged,  and  tlie  other  shaded,  all 
reading  and  strong  light  avoided,  &c.  When  foreign  l>odies  have 
penetrated  the  eye.  an  attempt  may  l)e  made  to  remove  them  if 
ihey  have  not  led  to  destruction  of  vision,  or  are  not  likely  to 
i  have  caiTie<l  septic  matter  with  them.  If  this  alt^^uipt  fails — and 
I  it  is  most  likely  to  do  so,  except  in  the  case  of  portions  of  steel 
^^nd  iron — or  if  the  symptoms  of  irritation  to  which  their  presence 
^'ipves  rise  do  not  ipiickly  8ul»side,  it  will  lie  necessary  to  have 
recourse  to  enucleation. 

There  can  l»e  little  doubt  that  the  fear  of  sympathetic  oph- 
thalmitis has,  in  this  countrj*  at  least,  led  to  the  sacrifice  of  immy 
c^ea,  wliich  might  have  l)een  retaincil,  or  have  even  recrovertnl  a 
uwftd  amount  nf  sight,  and  never  caused  intiamuiation  in  the 
other;  yet  it  would  take  many  mistakes  of  this  kind,  in  whicit, 
loo.  tliere  will  always  be  a  doubt  as  to  whether  the  eye  might 
tflcr  all  be  safely  left,  to  justify  tlie  same  self-reproach  wluch  the 
uppoMiUs  mistake  must  cause  in  any  one  who  is  properly  alive  to 
his  renpousibihties.    In  many  instuuees  a  case  tinst  presents  itself 
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for  treatment  after  some  time  has  elupsetl  since  the  occur 
of  the  accident,  or  after  perforation  has  taken  place  fnHi; 
other  cause.     In  snch  ciises,  if  the  eye  is  bUud,  sftft    "' 
to  touch,  there  can  be  no  question  tlmt  the  pro]- 
is  to  enucleate  as  soon   as  jMjssihle,  as   the  patieui  wi 
have  the  l>est  chance  of  escaping  a  sympathetic  intlaniiiwUnu. 
and  is,  with  Uie  exception  of  the  appearance,  as  well  off  as  b 
was  before. 

The  ditticulty  arises  when  such  an  eye  has  retaiiwd  >i» 
sight.  If  it  is  7*eniove<I,  it  may  just  happen  that  this  isdonetw 
late,  and  the  other  eye  become  suVisequently  affected.    1" 

always  l»e  remcuibtiivtl  that  tlie  exciting  eye  may  evenv. 

the  only  one  in  which  any  sight  remains ;  it  may  even  coiuplettlf 
recover,  and  yet  the  sympathising  eye  be  lost.  In  nine  surhc*** 
collected  by  the  Committee  on  sympathetic  ophthabiicis  ibe 
synipathiser  was  lost  five  times.  When  tliis  happens,  1  Win* 
the  proper  treatment  is  to  enucleate  the  second  ejv^,  as  cases  bit* 
been  met  >vith  where  there  seems  to  have  been  good  rea.**'U  to 
think  that  it  has  reacted  on  the  first  or  original  exciter. 

If,  when  the  ease  is  first  seen  at  a  time  when  synipaUuc 
uphlhahiiitis  has  ah^eady  begun,  the  exciting  eye  is  fowrf 
to  be  blind,  it  should  be  removed,  provided  the  symfiattiiasf 
eye  Juis  not  long  been  inflamed — not  more  than  two  or  lluw 
weeks.  There  seems  every  reason  to  believe  that,  alUiougb io 
most  cases  it  may  not  do  so,  enucleation  of  the  exciting  eyu  !»• 
a  teiideiicv  to  modify  the  severity  of  the  inflammation  in  ll* 
syiupatliiser.  This  risk  must  not,  however,  be  run  in  the  c»si 
of  exciters  whicli  liavc  retained  any  useful  amount  of  visitiOtf*'^ 
reasons  similar  to  those  just  explainetL 

Tlic  (reaimcnf  of  the  sympothmiuj  eye  is  one  on  which  ibm 
are  many  differences  of  opinion.  Mercury  is  most  comuioiilj 
used,  and  Iteyond  this,  njcrcly  the  ordinary  precautions  indicdtfid 
in  all  ciiyes  (jf  uveal  inflaiiuiuition. 

Although  the  Committee  appointed  by  the  Ophthalmologic*! 
Society  could  not  ixiint  to  any  greater  succors,  on  tho  whole,  ainiing«l 
coses  treated  witli  mercury  Ihiui  aiiutu;^!  Ihos©  treateil  witliout,  thi?tt 
stntistics  on  this  iHiiutcertiiinh' showed  that  mercurial  treatment  diJ 
no  harm.  It  is  alu^-ays  dittirult,  of  course,  to  prove  the  curativtr  ftttioo 
of  any  drug,  yet  I  should  certainly  not  hesitate  to  reeommernl  tl»«^ 
systematic  use  of  mercury  in  sympathetic  ophthahnitia.  There  i»  web 
a  general  iiapression  that  by  pushing  niejt>ury  to  salivation  the  im^ 
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tmtnent  hits  lH*en  properly  tried,  tlmt  statUtios  giitliert^l  from 
muijr  different  wuirces  arc  in  thin  respect  of  little  value.  The  fact 
•A  I  have  pointtHl  out  in  the  elinpter  on  iritis,  tlmt  sjiuptonis  of 
^Kvm«nruriiLli5Ati(tii  must  be  ftvoided  \\a  long  na  possible  before  the  eifoet 
of  nwrciif)*  cim  be  saitl  to  W  iUtuinefi.  Cases  treated  during  many 
"^^^f^'ks  by  inuiiftion,  ns  cnn  be  done  with  proper  eare,  nre,  I  believe,  ns 
^  nilf  iK'netit^-d  by  it. 

Atropine  should  U?  used  from  the  first,  but  the  same  risks 
ttpplj  OS  for  iritis  from  otlier  causes ;    when   synechia'   have 

Kmnetl.  and  the  use  of  a  mydriatic  appears,  from  the  dragging 
hich  it  causes  on  the  attachments,  to  give  rise  to  irritalii»n,  it 
lus  to  be  discontinued. 

It  must  l>e  mlmitted  that  the  question  as  to  whether  or  not 
Ml  iritiectomy  should  Ik'  i>erfornjeil  is  one  of  eonsideruhle  practical 
difficulty.  Some  authorities  do  not  recommend  it  under  any 
circumstances;  others  again  perform  the  operation  in  all  cases 
where  the  eye  has  come  to  rest,  but  warn  agiiinst  it  us  long  as 
there  is  any  irritation.  There  is  a  gi^eat  tendency  for  the  cohj- 
Itomu  formed  to  close  up  again,  and  it  is  UTuloiditedly  the  case 
almost  always  that  any  operative  interference  "uly  makes 
matters  worse.  One  tiling  there  can  l>e  h'ttle  doubt  about,  if  an 
iridei'tomy  is  attempted  it  sho»dd  be  made  as  large  iis  possible. 
The  only  cases  in  whidi  it  apj>eui*s  to  be  indicuted  are  cases 
where  the  iris  is  decidedly  bombe,  and  hi  which,  therefore,  there 
Ls  a  distension  and  not  an  obliteration  of  the  posterior  atiueous 
chamber.  Yet  even  in  sucli  cases  one  has  often  to  regi-et  having 
interfereii  at  all. 

In  all  cases  which  are  left  to  settle  down,  and  in  which  all 
\ision  is  not  lost,  although  from  the  ext^Misive  deposits  of  plastic 
exudation  in  the  pupil  it  is  very  defective,  the  beat  and  safest 
chance  of  getting  an  improvement  is  to  extract  the  lens,  and 
(ifterwards,  as  will  always  l>e  found  necessary,  follow  this  up 
with  ail  iridotomy,  which  should  only  be  performed  after  the 
kpse  of  many  months. 

Some  cases  of  sympathetic  inflammation  may  remain  for  u. 
loug  time  quiescent,  and  then  recommence,  just  as  is  the  case 
with,  and  proljably  for  mueh  the  same  reasons  as,  the  similar  in- 
damniarion  in  the  exciting  eye.  This  must  he  Ixime  in  mind  in 
Connection  with  any  operation  performed  on  a  sympatheticidly 
inflamed  eye,  even  when  it  has  been  for  months  thoroughly 
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quiet,  aud  for  this  reason  it  is  adnsable,  when  there  U  ainr 
degree  of  useful  vision,  not  to  interfere  in  any  w'ay. 

Reference  has  already  been  made  to  other  nyM'ratious  on  the 
exciting  eye,  which  have  recently  been  8ul.>stitute<l  for  enuclea- 
tion. As  the  efliciency  of  the  operations  cannot  yet  be  said  U) 
rest  on  any  established  practical  Iwisis,  it  must  Ix?  judgtd  of  from 
a  consideration  of  the  most  likely  patlu»log}'  of  sympalliflk 
disease.  From  this  point  of  view  1  sliould  altogether  ivjccl 
section  of  the  ciliary  nerves,  and  regard  even  the  division  cd 
both  oplic  aud  I'iliary  nerves  with  suspicion.  Indeed,  a  caK  of 
sympathetic  ophthalmitis  has  already  been  met  with  by  Voelckcr, 
after  optico-filiary  neurotomy.  Evisceration,  however,  when 
performed  in  time — tliat  is,  not  later  tliau  the  first  week — would 
seem  to  fultil  the  indications  required  in  all  cases  of  injury  to 
the  eye  at  all  events.  At  a  later  period  cnucleatiou  giv« 
possibly  a  l>ettt'r  ciiance.  The  nunil>er  of  tinier  that  eviscemtion 
has  been  performed  must  l>e  very  small  indeed,  compared  to  that 
iu  which  the  eye  lias  been  removed  altogether,  and  yet  two  cases 
have  already  l»een  recorded  by  Cross,  iji  which  changes  descriloi 
as  of  a  possibly  sympathetic  nature  were  met  with  after  the 
ofjeration.  This  should  be  renieml>ered,  although  the  fact  by 
no  means  proves  that  similar  changes  might  not  have  followed 
enucleation. 

Patholo(f}/. — An  explanntion  of  the  pathology  of  syiii]«thetic  oph* 
thalniitifi,  to  bo  sntiafncttiry,  must  account  for  certain  facte  conncctod 
witli  this  disease,  of  wliieh  the  following  are  the  chief: — (I)  MTij 
perforating  lesions,  and  such  as  cause  cyclitis,  should  be,  if  not  tlie 
only  exi'ituig  causes,  at  least  by  far  the  most  fre^uont ;  (2.)  ^Vhy  t 
certaiu  liinc^rarely  less  than  tliree  wyeks — slmuid  daiwe  before  tlw 
second  eye  becomea  atlected  ;  (3.)  WTiy  removal  of  the  exciting  eye  i» 
not  always  eufticiont  t<i  ]irevent  its  occurrence;  (4.)  AVhy  some  tawi 
only  come  on  long  after  tlie  first  eye  has  become  quiescent ;  (5.)  Whj 
it  should  not  occur  with  cases  of  panophthohuitis  ;  and  (6.)  Why  the 
inHainmatian  so  freipiently  settles  in  the  ciliary  body  and  iri». 

( hic  vimv  hf'M  by  Mackenzie  as  to  the  cause  of  symjwthctic  in- 
tiamimitiou  wivs  that  the  stiite  of  irritation  of  the  retina  which  ht 
supp<wetl  to  he  alfecte*!  was  transmitttxl  to  the  retina  of  the  other  ejw 
by  passing  up  the  one  optic  nerve  and  down  the  other.  An  irritatJoB 
of  the  previously  sound  eye  produceil  in  this  way  might,  he  beli«vwl 
bo  the  beginning  of  the  more  serioijs  and  destructive  inflamuialioB- 
Mockenzic,  whilst  mairdy  apparently  inclining  to  this  explanation,  did, 
however,  admit  the  possibihty  of  two  other  cJmunels  of  transmi>aiuni 
viz.,  the  vessels  and  the  ciliary  nerves. 
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It  WM  Heinrich  MuUer  who  tirst  succeedcil  in  <liret.'liiig  gcncnil 
Ittcntion  to  the  ciliary  nerves  iu  tbie  connection  ;  nnd  more  or  le£8 
ikociful  explanations  of  the  transmission  along  this  channel  nce-.xw  to 
iuir©  been  those  which  until  recently  were  most  generally  tUvouretl. 
PqmiUt  BOine  kind  of  excitation  of  the  ciliary  ncrvea  may  account  for 
#Viu(«tnetic  irritation,  but  it  is  pretty  certain  now  that  the  chaiac- 
teriitic  ophthalmitis  is  in  no  way  connected  with  \i.     On  this  poitit  I 
caimot  do  l>etter  than  «juote  the  conclusions  arrived  at  by  Bmiley. 
S{>ealung  of  intiammation  of  the  ciliary  nerves,  he  says  :  **  It  is  doubtful 
if  it  can  ever  be  a  cause,  since  it  is  not  infre^iuently  entirely  absent  in 
the  exciting  and  8ymj.>athctic.ally  inflamed  eye,  and  since,  moreover,  it 
i«  markedly  present  in  some  cases  of  irido-ehoroiditift,  which  neither 
liave  produced)  nor,  judging  from  their  microscopical  characters,  ,ire 
likely  to  produce,  sympathetic  disease.     Intiammation  roum}  the  ciliary 
nerves,  though  more  often  present  in  both  the  exciting  an<l  sj^mpathetic 
«je,  i£  not  an  essential  cause,  since  it  is  usually  leAs  mai'ked  than  the 
mnation   Piund    the   accompanying  artery,    from  which   it   has 
lently  spread."     It  haa  also  been  supposetl  that  the  coats  of  the 
<nliAry  arteries  might  transmit  an  inflammation  from  the  one  eye  to 
the   other.     Tliia  would  certainly  be  a  more  direct  course  for  the 
inflainmHtion  to  take.     limiley's  investigations  have  also  shoAvn  this 
view  to  be  untenable,  jis  the  inttaiiunation  may  be  absent  in  cases 
which  give  rise  to  8}Tnpathetic  inflammation,  and  is  not  very  un- 
commonly  met   with   in   pauiiphthalmitie,   after   which    symputlielic 
diMMe  i«  almost  unknown. 

In  1880  Berlin  suggested  a  metasUttic  explanation.  According  to 
his  hyi>othesift,  germs  which  are  introiluce<l  into  the  eye  owing  to  its 
perforation  produce  by  their  development  and  multiplication  the 
chamcteristic  plastic  uveitis.  They  are  then  tiiken  up  liy  t)ie  lircida- 
tion,  and  although  depositc<l  in  different  parts  of  the  iKKly,  tnily  Hud  a 
Buitable  nidus  for  tlieir  deatrvictive  development  in  the  uveal  ti*act  of 
the  other  eye.  The  experitaents  adduced  in  support  of  this  view  are 
not  very  convincing,  and  do  not  clearly  demunstrate  anything  further 
than  ihu  much  greater  tendency  towanls  the  production  of  severe 
iiitinniijiution  in  the  tirst  eye  when  septic  matter  is  introducetl  into  it. 
Five  years  later  a  hypothesis,  essentially  similar  to  Berlin's,  in  so  far 
as  the  transference  was  &up|>08ed  to  take  place  through  the  circulation, 
waa  advanced  by  Hutchinson.  He,  however,  likens  synijwtlietic 
ophthalmitis  "to  the  process  which  occurs  in  the  miilti]*licatiou  uf 
malignant  new  growths  through  the  blood  elements,  rather  than  to 
that  by  bacillar  septicaemia."  Apart  from  the  imprubability  of  the 
|iroducts  of  inflammation  being  removed  by  the  bltxiU  and  deposited, 
uid  thereby  setting  up  a  similar  condition  of  inflammation  in  a  definite 
part  of  the  other  eye  alone,  this  view  is  not  consistent  with  clinical 
experience. 

Ill  1879  Knies  was  led,  by  the  microscopic  oxaminatioa  of  the 
«yo»  and  optic  nerves  in  a  case  of  serous  iritis,  to  put  forward  the  hypo- 
thtssis  that  sympathetic  inflammation  is  the  consequence  of  the  direct 
transference  of  products  of  inflaniTiiation  along  the  lymph  channels  of 
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the  optic  nerves  aud  tlioir  eheutlt^.     He  8ul>s4n{ucntlT  ailduccil  oaf 
retisons,   baswi  on  clinicul  as  well  as  pnthologiwil  invc-^i^Umu^  m 
support  of  thifl  view,  whit;li,  although  geucniUy  ilis>>elieve<i  in  3'  'V 
time,  must  now  be  lookeil  upon  us  having  niurkecl  the  comii! 
of  a  new  era  in  the  hiaU>ry  of  the  auhject.     Not  long 
Knies'  hypotheeu  received  the  eupijort  of  such  authorities 
LelxT,  and  Snellen,  the  last  of  whom,  at  the  London  C'uii...  v  .., 
1881,  expi-essed  as  hi*  opinion  not  only  that  the  tranaference  from  flw 
eye  to  the  other  took  j)Iaee  along  the  Bheatlifi  of  the  optic  nervee,bil 
that   in   all   pPoKil^ility   tlie    aiuae   of  tJie   symptoms  chancU-nrtng 
aynipatlit^tic    iiillaiunmtioii   was   a   transference  of  genns  alon^'  itui 
channel.     In  1881  attempts  wore  made  by  Dentschmann  tn  ]irotlu« 
sympathetic  intlaimnatiun  in  anijnals.    The  result  of  tli'  iil* 

was  t.'>  show  that  genus  introduced  into  one  eye  (tf  an  ., 
their  way  to  the  other  along  the  optic  nerves,  and  tlierv  set  11 
niation  ;    but  it  wiw   not  fovmd   piwsible  in  this  wa}'  to  r-  ■ 
inllaiiinmtiou  in  the  secontl  eyo  to  the  uveal  tract.     Genii- 
eoiiKtiintly  found  in  human  eyes  removed  on  account  of  havit^ 
synipatlu'tic  inHammation,   and   even  portions  of   iris  exciawl  (roll 
sympathUing  eyes  have  been  found  to  contain  similar  germs. 

I)eiit6cbmami's  i-esearches  show  that  some  substance  capable  4, 
exciting  inrtammation  really  passes  by  the  optic  nerve  to  tlie  otlirt 
eye.     This  suK<t!iiice  is  p^Jbal)ly  in  most  cases  a  collection  of  micK^ 
oi-ganisms,  Init  it  may  por>flibly  sometinioa  be  some  material  reaiihiag 
from  their  action  on  the  tissues  of  the  Hrst  eye.     It  thus  gives  a  satis- 
factory account  of  the  Hrst  point  mentioned  at  page  350  as  requiring 
explanation.     The  second  difticulty,  again,  is  remlily  explainetl  Hy  tlw 
passage  along  this  channel  necessarily  occupying  some  time,  whilf  it 
is  evident  that,  when  the  genus  have  got  the  length  of  the  iifrvc, 
i-emoval  of  the  eye  could  not  be  sutHcicnt  to  arrest  the  jjroceta,  which 
may  ncvertlieless  be  less  sevuie,  as  there  must  be  a  necessarily  Iw* 
con^iiUrable  ninnbcr  ruiiching  the  second  eye  when  the  source  of  their 
production  has  been  cut  oft*.     In  this  manner,  therefore,  a  sati&facl*My 
explanation  seems  to  be  given  for  the  third  dilKculty.    To  explain  the 
fourth   point — vi/.,  why  cases  of  sympathetic   inflammaliuu  fhouU 
often  oLcur  long  after  the  original  lesion  which  has  given  n9>i  to  iJm^ 
first  inflammation,  and  therefore  long  after  the  presnmaWe  iiitiviiuc- 
tiou  of  «xJcro-:>rganisin3  into  the  eye — it  is  necessary  to  assume  tbl  it- 
is  possible  for  these  (►rgjuiisins  to  become  encapsuled,  or  in  eonio  ^^r" 
prevented  from  iM^iig  carried  into  the  Ipuph  channels,  an  ftssninptioa 
which    is  not   inconsistent  with   their  known   behaviour  elsewhtf^ 
The  reason  wliy  injuries  to  the  ciliary  region  are  more  liable  to  ttnan 
sympathetic  mischief,  may  not  unlikely   be  because  that  partofllio 
eye,  owing  to  anat<.iimcnl  peculiarities,  as  well  as  its  being  difflcalt  to 
keep  at  i-est,  is  mure  subject  to  prolonged  inflammation.     Ther*  M^; 
liesides,  in  connection  with   it  lyniph  channels  which  communi 
with  those  of  the  optic  nerves.     When  an  inflammation,  even  ihi>itt;H 
proiluci.Hl   l>y  micro-organisms,  is  excesitively  severe,  and  remilt*  j-" 
purulent  destruction  of  the  tissues,  as  in  the  case  of  panophtbalmiti^t 
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the  lymph  clmnncU  become  obliterated,  and  the  danger  of  further 
U^nnferenco  of  the  organisms  averted. 

Thf  immunity  given  then  by  panophthalniilis — a  clinical  fact 
whidi  lias  long  been  obeerved — ia  explained  witliuut  too  great  stretch- 
ing of  thU  hy[)Otheai£.  Tlie  last  ditliculty,  it  nuist  be  confcased,  has 
•tul  to  be  clciirvd  up,  ulthoiigh  it  is  easy  to  frame  a  hypothesis  con- 
MflU'Ut  with  the  theory  of  germ-transmission  along  the  optic  nerve, 
whi  i  tr>  a  satisfactory-  explanation.  Thus  it  is  a  well-known 
fmtt  .'  minute  organisms  give  rise  to  the  most  evident  signs  of 

ioflasumaUun  at  the  point  where  they  tend  to  accumulate  in  the 
gWaittBt  numbers,  and  it  does  not  secin  improbable  that  the  migmtiug 
ot:gUuaini»  may  pass  on  without,  as  a  iiile,  causing  marked  dlsturli- 
aaeee,  until  they  become  arrested  at  the  ciliary  body.  This,  however, 
requites  proof,  and  until  this  proof  is  furnished,  the  whole  question 
cam»o4  be  said  to  lie  defunt^ly  decided. 

rilhera,  and  notably  Gillbrd,  who  have  repeated  Deutschmann's 
experiments,  have  had  occasion  to  modify  the  theory  with  reference 
to  the  exact  channels  along  the  nerves  which  are  taken  by  the  migrate 
ing  i^rms,  but  the  main  results  have  been  pretty  well  conhniicd. 

Thia  recent  clucidaticin  of  the  patfiology  of  sympathetic  disease 
cannot  but  exercise  some  influence  on  the  treatment  of  such  cases. 
Thus  it  becomes  evident  that  the  opemtion  which  enables  one  to 
remove  the  largest  portion  of  the  course  along  which  the  infecting 
tnaUer  travels  mupt  alfonl  the  greatest  chances  of  success.  Ueuce 
the  adyisability  of  performing  enucleation  instead  of  evisceration, 
except  at  the  very  beginning,  befurc  it  is  likely  that  migration  has 
begun.  Farther,  it  points  to  the  great  imjmrtance  of  earefal  auti- 
•eptic  treatment  of  aU  perforating  wounds  and  ulcerations.  There 
can  be  little  doubt,  too,  that  prolonged  mercurial  treatment,  taking 
into  oonaideration  the  action  of  mercury  as  a  germicide,  is  indicated, 
while  every  means  of  allaying  irritation,  and  keeping  the  eye,  cspe^ 
dally  the  ciliary  muscle  and  iris,  at  rest,  cannot  but  tend  to  exercise 
a  bvourable  intlueneo  on  the  exciting  process. 


CHAPTER   XL 

GLAUCOMA. 

The  disease  now  recognised  as  glaucoma  is,  on  account  of  iti 
relative  frequency,  its  disastrous  course  when  left  alone,  td 
above  all  its  curability  if  treated  at  an  early  stage,  perhaps  tlie 
most  important  in  the  whole  range  of  eye  diseases. 

The  chief  objective  signs  of  glaucoma  are — (1.)  Increttd 
tension ;  (2.)  Dilatation  and  immobihty  of  the  pupil :  (3.)  Haa- 
ness  of  the  cornea :  (4.)  Shallowness  of  the  anterior  chamte: 
(5.)  Enlargement  of  episcleral  veins  :  (6.)  Excavation  of  papill*- 
(7.)  Visible  pulsation  of  the  retinal  artery. 

At  the  same  time  the  following  subjective  symptoms  u« 
met  with; — (1.)  Defective  visual  acuity:  (2.)  More  or  le« 
characteristic  limitation  of  the  field  of  vision  :  (3.)  Photopsia- 
(4)  Anaesthesia  of  the  cornea :  (5.)  Pain. 

A  marked  and  important  characteristic  of  glaucoma  is  th^ 
intermittent   nature  of   both   objective  and   subjective  symptow^ 
This  interniittency  is  met  with  at  all  stages  of  the  disease,  an<i 
even  persists  when  the  eye  is  totally  blind,  subjective  light 
sensations  and  pain  coming  ou  every  now  and  then,  and  »' 
other  times  being  wholly  absent. 

Glaucoma  is  met  with  in  different  forms,  and  various  classi- 
fications of  such  forms  are  adopted  by  different  writers,  from 
a  clinical  point  of  view  the  following  forms  are  usuallv  tlis- 
tinguished : — 

A,  Primary  glaucoma. 

1.  Inflammatory  glaucoma. 

(a)  Acute.     (P)  Chronic. 

2.  Simple  glaucoma. 

B,  Secondary  glaucoma. 

Inasmuch,  however,  as  there  cannot  be  said  to  be  any  r*?^ 
inflammation  characteristic  of  glaucoma,  it  seems  better  to  1*=^ 
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t'>e  term  congeMiv€f  as  is  done  by  Priestley  Smith,  instead  of 
Wjflammatory. 

Clinically,  we  may  distinguish  lliree  stages  of  the  disease, 
in  whatever  fonii  it  is  met  with  : — (1.)  the  ihrenteiud  stage,  in 
'•^ich  tlie  premouilory  symptoms  to  be  shortly  described  assert 
themselves :  (2.)  the  cwijirmct^  stage,  in  which  the  disease  has  led 
^*  defective  vision,  which   gradually  increases   until   (3.)   the 
^i«ucoma  is  said   to  be  ahmlutc,  or  has  n^sulted  in  complete 
rction  of  vision.     In  many  cases  degenerative  changes  have 
*w^eady  begun  by  the  time  the  aljsolute  stage  is  rcached;  in  all 
*^*«es  such  changes  eventually  make  their  appearance. 

Primary  glaucoma  is  essentially  a  disejise  of  advanced  life ; 

't   is  mrely  met  with  before  the  age  of  forty,  and  inci'eases  in 

^*^&<|tiency  with  age.     It  is  more  common  in  some  countries  than 

^^  others.     In  this  respect  there  is  a  curious  difference  between 

■^*^glnpd  and   Scotland,  the   tlisetise   being  considentbly  more 

^^^^^'Ucnt  in  Enghmd.     Among  lil.OOO  cimsecutive  cases  treated 

*^    the  Eye  Department  of  the  Edinburgh  lloyal  Infiniiary,  86 

■^'  cases  of  glaucoma — 4.')  in  women  and  41   in  iiumi.     It  is 

'^"eaimmon  amongst  Jews  ilian  Christians. 

It  is  most  commtm  for  botli  eyes  Uj  be  subject  to  attacks  of 
^**^^j('oma.     This  is  in  no  way  a  sympath}',  but  depends  uix>n  the 
***^  t  lluit  tlie  Conditions  which  are  apt  tti  lead  tu  the  disease 
'^^ally  exist  in  both  eyes. 

The  most  common  state  (.>f  refraction  met  with  along  with 

•^*^*-iicoma  is  hypermetropia      It  has  been  pointe*l  out  that  a 

^***^aler  proportion  of  eyes  with  glaucoma  are  hy|)erme tropic 

^"^n  ran  be  accounted  for  by  tlie  proportion  of  hy[>enuetropic 

*^*npiire<:l  with  other  states  of  refraction  altogether.     This  has 

^^  some  been  explained  by  supposing  that  the  disease  tended  to 

^^^iidt-r  the  eye  hypermetropic ;  by  others,  on  the  other  hand,  by 

^<lmittiug  that  hypermetropic  eyes,  owing  to  rigidity  of  the 

^^lera,  are  more  disposed  to  glaucoma.     The  first  view  has  been 

V*>vtty  well  pn>ved  by  actual  measurement  and  experiment  t«J 

'■K«  incorrect.     As  to  the  8econ<i,  it  is  not  easy  to  say  in  how  far 

^t  is  juj»titied,  but  it  must  be  remembered  that  in  advanced  life, 

'^vlirn  gluuwima  usually  occurs,  acquired  hypermetropia  is  very 

^o  in  mo  II. 

In   a   certain  proportion   of  cases  of  glaucoma,  variously 
estimated  at  from  one-third  to  three-f(»urths  of  ull  cases,  the 
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actual   outbreak   of  the  disease   is  preceded   by  prenmnill^ 
symptoms,  more  or  less  marked,  and  t»ccurriug  at,  a< 
extending  over,  longer  or  shorter  |jeriods  of  time.    ^V 
tingtiishes  the  disease  in  this  stage  from  that  in  wliicf 
be  said  U)  be  fully  developed  is,  that  during  the  inten-jils 
the  occurrence  of  these  sjTnptitma  the  functions  of  tbi'  ■ , —     , 
to  all  appearance  normal.     The  only  manner  in  which  it  nay  J 
he  found  abnormal  by  the  ordinary  methods  of  exatiiJuani>a^H 
in  the  fref|uent  existence  of  a  higher  degree  of  prcsbyopiii  ddH 
that  which  correspoude  to  the  age  of  the  individual — aconditwn  1 
whinh  should   consequently,  and  even   when   no  preiuouitory  I 
symptoms  have  been  observed,  excite  suspicion.  I 

The  pTcnwnitory  syvipt&tns  are  obscurations  of  vision,  and  ibt   I 
appearance  of  haloes  round  lights.     The  vision  m; 
or  less   misty  and  veiled,  this   being  especially  n  i  . 
objects  which  are  not  very  strongly  illuminated.    At  tl 
time,  if  the  flame  of  a  candle  or  gas  jet  be  looked  at  .;. 
dark  background,  it  is  seen  to  he  surnmndcd  hy  a  i-^ 
space,  which  is  eacirclcd  by  a  coloured  halo,  the  intensirr  ol 
which  difieis  in  diflferent  cases,  as  well  as  at  difleivnl  times  in 
the  same  c^ise.     These  symptoms  usually  come  on  afUr  *«»nie 
mental  or  pliysical  fatigue,  e.g.,  a  sleepless  night,  or  prolong 
fasting.     They  disappear  after  a  meal,  and  more  constantly  i^teT 
sleep,  and  can  also  aluiust  invariably  be  cut  short  by  iIil*  use^tf 
a  myotic.   TJie  intervals  between  such  attacks  are  very  variftUe. 
often  amounting   to    months   or  yeais.   but    usually  having  <* 
tendency  to  become  shorter  and  shorter,  nnlil   the  glaucoiu^ 
suddenly  or  gradually   passes   from   the  premonitory  to  lb«? 
confirmed  stage. 

pTemorutory  symptoms   appear  to  l>e  on   the  whole  nuir^ 
common  the  younger  the  individual  attacked  with  glaticoiDi^- 
The  cloudy  vision  varies  in  amount,  but  may  1>e  verv  disagree"" 
able  to  the  patient  at  a  time  whou  lie  is  found  on  examinaUosK 
to  have  full  visual  acuity,  altlmugh  as  a  rule  it  is  accompauio*i 
by  some  diminution  in  the  acuieness  of  vision.     The  halo  «*» 
is  always  perfectly  circular.     Its  apparent  size  increases.  *a*J 
the  breadtli  of  eacli  coloured  ring  becomes  greater  the  furtber 
the  bght  is  from  t!ie  eye. 

Acoonling  to  Laqueur,  who  made  a  number  of  perimetric  xattra^ 
raenta  of  it,  the  diuaieter  of  the  halo  is  pretty  constantly  from  10'  to  1 1  • 
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wWo  Dondcrs*  meAsuivmenta  only  give  7*.  Meaeureinent*  whidi  1  linve 
tuiJt  ooafirni  thus(;  of  Doudera.  From  7'-^'  may  be  taken  as  Iho  usual 
'iiim»U.T.  The intt'usily  t»f  Muh  colour,  upiirt  from  individual  diireithoos 
is  the  luuiinosity  of  the  Mnmc  round  which  they  are*  et'en,  dept'iids  on 
tito  chnru-tor  of  the  li^ht.  Rinuid  ciindlo  and  gas  flumes  the  red  hues 
■tngcst,  wliilst  tii(.'  bluinh  ont-H  pi-edominai*.'  round  tlie 
jL  The  halo  Is  independeut  of  the  diroction  fmrn  which 
:ito  the  eye,  and  is  llifrelbre  seen  tis  well,  though  not  with 
I  >iinctnt^ss,  roiuid  objects  .situated  eccentricuUy  with  rt»spect 
*iio  line  of  vifeioo.  In  some  cases  radiating  etriit*  are  seen  besidea 
"^•lourwd  rini^  Tlie  colotirleA*^  9\\ViCi^  which  immediately  surrounds 
*''^  flame  w  light  near  the  flame,  and  bcconiea  darker  and  darker  the 
nearn-f.  it  in  to  the  ringfi  of  colour.  These  a;:ain  are  always  armngeU  in 
^  »*Mne  onler,  the  most  external  ring  being  red,  the  most  internal 
™^<=ring  on  the  bluek  8]jaee,  bluish  or  bluish-gTueii. 

Curing  tlie  premonitor}'  attack  the  tension  of  tlie  eye  is 
*''^^js  inrrejised  nnd  there  is  more  or  leas  diffuse  opiicity  of 
^  Cornea.  Sometimes,  however,  the  ojiacity  is  so  slight  as  to 
'*  ^^rely  noticeable  on  oblique  illLmiinatiou.  There  cau  be  little 
^y\y\  that  the  haloea  are  due  to  the  diflraetion  of  the  luys  jwissing 
int<»  the  eyes,  untl  this  difi'ractiou  prolmbly  mainly  takes  plaec 
"1  Vlie  cornea  as  the  result  of  the  opacity,  the  nature  of  wLicli  is 
'**=«cril>ed  later  on. 

This  was  proved  by  Bonders  as  long  ago  as  1S50.  He  found  that, 
^ti  covering  the  lower  half  of  the  pupil,  tlie  outer  and  upper,  and 
**'Wer  and  inner  qiiadranti  of  the  halo  dis.ipi>eftr,  while  on  covering 
^t  upper  half  tlie  otlier  quadrants  disappear.  The  prismatic  arrange- 
*uenl  of  the  colours,  the  fact  tliat  thoy  are  uninfluenc^ed  either  by 
^econunodfttion  or  the  movement**  of  the  eye,  as  well  a*  the  occasionid 
tppMiance  of  a  second  halo  with  the  same  distribution  of  colour 
u  the  first,  are  further  coulinnations  of  the  truth  of  Doudera' 
explanation. 

Tlic  obscurations  of  vision  are  also  to  a  great  extent,  though 
probably  not  entirely,  due  to  the  opacity  of  tbe  corneii.  To 
iOma  extent,  varying  iui»st  likely  in  difi'erent  cases,  they  appear 
to  depend  on  the  alteration  which  takes  place  in  the  choroidal 
ami  retinal  circulatiim,  by  which  the  light  sense  is  diininishetL 
TJjis  exjdauatioD  is  su^'gested  Ijy  tlie  more  marked  veiling  which 
u  ex^terienced  by  the  ]>atient  in  subdued  light,  as  well  as  by  the 
not  altogether  infrequent  occurrence  of  misty  vision  when  the 
curnea  is  to  all  apjiearance  clear. 

The  vision  of  haloes  round  lighte  is  not  altogether  pathognomonic 
•f  Rlaacoino.     It  is  met  with,  for  instance,  in  case«  of  conjunctivitis, 
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owing  to  the  diffmction  causeil  by  the  coiijiincliv;il  secretion  Iviiig 
front  of  the  cornea.  In  such  cases  the  haloes  disappear  on  nibbi-K 
the  eye.  A  good  mtiny  people,  too,  with  normid  eyes  iwe  thoffl 
especially  if  the  pupil  be  dilated.  They  are  prob»bly,  howev«< 
rarely  seen  of  the  same  intcn&ity  as  in  glaucoma,  ao  tb»i  wh^I 
suddenly  ohsep\'«l  they  should  awnken  suspieioa. 

If  an  ophthalmoscopic  examination  Ik?  made  at  tho  time 
when  the  pieiiKJuitory  symptoms  are  complained  of,  there  is 
aometimas  seen  to  be  a  spontaneous  pulsation  of  tlie  arteries  on 
the  disc.  This  appeai-ance  disappears  with  the  disap]>earance 
of  the  subjective  synipt-oms,  and  tif  the  increase  of  intraocular 
tension.  The  same  pulsation  may  be  produce<l  by  ext^jrnal 
preasui'c  on  the  eye,  and  in  cases  where  tlie  intraocular  tension 
is  iuercused,  and  yet  the  pulsation  not  visible,  it  may  often 
reailily  Ije  elicited  by  slight  pressure  on  tlie  eye  with  the  finger. 

One  cause  uf  the  [lulsjitiim,  therefore,  appears  to  be  the  interference 
with  the  arterial  blond-current  resulting  from  the  abnormal  degree  of 
tension  within  tlie  eye ;  but  it  is  probable  that  in  most  cases  whore  it 
occurs  spontaneously  there  is,  besides,  some  disease  of  the  arieriiea, 
which  may  or  may  not  l>e  associated  with  dimiuishetl  blootl  prussuiVL 

The  increased  uUraocnlar  trnsion  is  not  always  present  aft 
the  time  of  examination  of  an  eye  affected  with  glaucoma. 
During  an  attack  when  the  cornea  is  ha/y.  the  vision  mora 
interfered  with  than  iisual,  and  the  patient  suffering  pain  in  the 
eye  and  over  other  parts  in  the  region  of  distribution  of  the  6fth 
nerve,  increased  tension  is  rarely  if  ever  absent.  In  the  non- 
congestive  form  of  glaucoma  it  is  usually  less  constant  and 
less  prnnonncod  than  in  that  in  which  there  exists  an  evident 
congestion.  The  degree  of  intraocular  tension  is  subject  to 
considerable  differences  physiologically,  some  eyes  lieing  dis- 
tinctly harder  than  others,  and  for  this  reason  it  is  not  by  any 
means  easy  to  feel  sure  in  any  particular  case  that  t!ie  ton^tun 
is  higher  than  normal.  If,  for  other  reasons,  one  is  led  to 
suspect  a  passible  increased  tension  in  one  eye  only,  it  should 
he  compared  carefully  with  the  other,  which  affords  the  U'st 
standard  for  judging  lA  the  tension  in  the  doubtful  one. 

Various  instruments  called  tonometers  have  been  ile vised 
for  the  purpose  of  measuring  the  intraocular  tension,  but  none 
of  Uiese  appeur  to  afford  any  more  delicate  or  more  trust- 
worthy infonuation  that  is  given  by  palpation  with  the  ends  of 
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*■•  fiogers.     Two  ways  of  making  such  palpation  may  be  em- 
'••TnL    The  point  of  each   forelinger  uiay  be  placed  on  the 
^lOiftTj  ere.  and  alternately  pressed  geutly  upon  tlie  globe  tlirough 
**^f'  ujjjier  lid;  or  the  forefinger  of  one  hand  may  be  applied 
'ttt'tly  to  the  conjunctiva  covering  the  sclera  when  the  eye  is 
***Jrcted  upwards,  and  a  series  of  slight  tape  given,  without  at 
ij  Jime  remo\iiig  tlic  finj^er  altogether  fn)ni  contact  with  the 
►'e.    In  either  of  these  ways  the  resistance  of  the  eye  can  be 
^f*I«niuned  with  considerable  delicacy,  so  that  a  little  practice 
Suffices  to  enable  one  to  gaiige  the  relative  hanhiess  of  two  eyes 
tested  at  the  same  time.     It  is  more  ditiicult  to  acquire  the 
power  of  estimating  the  amount  of  change  in  tension.     It  is 
customary  to  distinguish  three  degi'ees  of  increased  hardness. 
Tliese  three  degrees,  which  were  pointed  out  by  Bowman  as 
pnactically  distinguisliable,  are — (1.)  A  marked  increase,  as  com- 
pared with  the  nonnal,  or  T  +  1  aci-.ording  to  Bowman's  nota- 
tion;  (2.)  A  great  increase,  but  one  in  which,  to  the  palpating 
finger-points,  the  eyeball  still  admits  of  some  dimpling  of  the 
globe,  T  +  2 ;  and  (;].)  Tlmt  degi-ee  of  tension  upon  which  no,  or 
little,  impression  is  made  even  by  firm  pressure  on  the  eye, 
T  +  3,    A  doubtful  increase  may  be  noted  as  T  +  ? 

While  such  a  division  is  cxtremtdy  practical  and  luuvorsally 
•dopt«.*d,  it  must  not  Iw  suppOHed  tlmt  any  bard  and  fast  liiiti  exists 
between  the  ditlorent  degrees  of  iiicrcji»e*l  tension ;  thus  it  is  not  an 
ODconinion  thing  to  find  a  degree  of  tension  whioh  would  be  denoted 
by  one  examiner  ns  T  +  1,  and  by  another  equally  practised  ns  T  +  2. 
This  iff,  however,  of  course  a  matter  of  little  importance,  as  under  such 
cirrumfttancoe  there  ia  no  doubt  a.^  to  the  abnomial  degree  of  tension. 
The  more  important  casea  are  those  in  which  there  may  be  a  ditference 
of  opinion  as  to  whether  any  increase  in  tension  dues  or  does  not 
exist 

Dilaicdlmi  of  the  pupil,  along  with  more  or  less  complete 
immobility,  is  verj*  constant  in  glaucoma.  The  dilatation  is  not 
always  regular,  and  tlit*  pupil  is  freipiently  oval  or  egg-shaped, 
owing  to  greater  dilatation  at  some  parts  than  at  others.  This 
is  a  jioiut  of  some  im|>ortance  in  connection  with  the  differentia] 
'dkgnosis  between  simple,  non-congestive  glaucoma  and  optic 
'ttrophy.  The  eye  presents  at  the  same  time  a  niud<Iy  appear- 
ance, and  the  pupil  frequently  has  that  greyish-green  colour 
wliich  gave  rise  to  the  name  of  glaucoma.  This  is  due  to  the 
retiection  of  light  from  the  surface  of  the  lens,  modifieil  to  some 
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extent  by  the  opacity  of  Lbe  coruGa.aml  prol^ably  also  ihe  nf\\ 
huDioui',  and  apparent  on  account  of  tl»e  dilatjition  of  the  pvipiL 
The  pupil  may  be  got  to  contract  by  the  use  of  eserine,  and) 
to  dilate  still  further  by  atropine,  in  most  cases  where  the 
ins  tissue  has  not  undergone  an  atrophic  change — most  readily 
therefore,  on  the  whole,  in  early  cases,  lliere  is  eousequentl] 
no  i-eal  paralysis,  so  that  the  term  iiidople^aa  which  is  ^oiiio 
times  used  to  express  the  condition  of  the  pupU.  is  hartilj 
applicable. 

It  is  generally  asaumptl  that  the  dilattition  \»  tho  result  of  a 
oC  the  ciliary  nerves  to  the  iris  caused  by  the  increased  lluid  p 
within  the  eye.     Schnahel  tioH,  h<twever,  pointed  out  very  rorrectli 
that  this  view  necessilntes  the  unwarmn table  iissuuiplion  that  on< 
of  fibres  within  tlie  eye  is  parnlvfuxi  by  pressure,  whilst  utliera  K*Si:^ 
There   are  certainly  no  anatomical  reasons  for  sup]>o5ing  lliat    ih 
dilator  uer\'e  tibrea  should  escape  a  pressure  which  would  tcU  on  thi 
supplying  the  sphincter  papilla?,  nor  ha.s  it  lieen  shown  Uial>  jo^**^  '* 
6i|Ual  degree  of  compression  of  both  sets  of  Jibros,  th«  function  of  Xhi 
latter  shoidd  siKiner  and  more  completely  be  intcrfcRHl  with  than  tin 
of  the  former.      There  is  further  the  ditTicully.  which  von  GnwW 
recognised,  of  explaiuin^^  on  this  assuraption  tho  fntjuent  irreguliiritii 
met  with  in  the  dihited  pupil.     A  dilat**d  pupil  i*t  fi»und,  too,  in 
where  the  tension  is  not  distinctly  increased.      Ilesidcs^  the  dih 
uften  until  is  tftkeably  pitcedes  other  symptoms  of  glaucoma.     \Vh< 
pupil  is  diluted  there  is  a  corresponding  constriction  of  thts  rt 
the  iris.     It  is  not  improbable,  therofnre,  that  the  dilatation 
takes  place  in  glaucoma  may  ]>e  due  to  tho  occurrence  from  some  caus 
or  other  of  such  a  vascular  constriction.     On  the  other  hand,  Priestk" 
Smith  lias  shown   tlmt   one   can  by  pi-essure  on   the  eye   produc 
dilatation  of  the  pupil 

The  luiziness  of  the  cornea  is  a  constant  appearance  duru 
the  period  of  exacerbutiou  in  all  congestive  cases.  In  chrot 
uon-eungestive  cases  it  is  often  al»st»nt,  or  present  luily  to  a  vei 
slight  extent,  though  at  tinier,  when  the  tension  is  high,  it  uw^ 
even  in  such  cases  be  suQiciently  evident.  The  peculiarity 
the  corneal  opacity  in  glaucoma  is  that  it  is  uniform  and  niosl 
intense  towai-d  the  centre  of  Uie  cornea.  It  is  always  acccuu* 
panied  by  a  dull  and  somewhat  stippled  appearance  of  tin 
surface.  A  characteristic,  t<x5,  is  the  disa]>pearance  «tf  tin 
opacity  immediately  on  or  very  ao^ui  after  tlie  reium  t»f  iIh 
tension  to  the  normal. 

T>»c  cansi*  of  the  opacity  wrw  long  ago  rightly  referred  to  cHem» 
the  coraea  by  Arlt,  but  it  remained  for  Fuchs  to  give  the  ann^-^mic«l' 
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'"monBtmtiuu  of  llie  oHiema.    This  he  <Iul  in  the  niee  uf  eyes  uuuclyuted 

'"'  awvoma  iii  which  there  were  ^luucoiuatous  syniploma.     Vertical 

^l\\.m  through  the  comca  in  s^ich  cases  show  spaces  between  the 

***«llffli  which  are  either  empty  or  Hlled  with  a  coagulate*!   fluid. 

***<W  spaces  are  more  numerous  toAvanls  the  anterior  part  of  the 

/?**lK».     In  such  sections  coloured  with  carmine  numert>us  fine,  dark 

^JJi^s  may  be  seen  tru versing  BowuianV  menibnine  from  iKdiind  forwanls. 

'*♦*«  are  not  seen  in  non-flwlematoua  cornciE,  and  cornwjKmd  to  the 

'^■tk  lines  which  are  to  be  found  in  sections  stained  with  chloride  of 

*^^lA    Tliey  are  in  fact  the  nerve  tilamenta  which  jmsa  outwiirtis  to 

^'itjcnmcal  epithelium.     They  are  visible  in  the  ti-^iematous  cornea  on 

\i  of  the  deeper  8taininj;j  of  the  coagulatetl  fluid  wliicJi  passes 

tho  nen*e  channels  to  reach  the  epithelial  cells  between  and 

'hiud  which  it  is  found  to  lie.     It  i:^  this  position  of  the  fluid  which 

.vrtt  the  dull  stippled  appe^mnce  U)  the  surface  of  the  cornea.      Kiiclis' 

^^repanilions  leave  no  doubt  that  the  fluid  piisses  by  the  nerve  channels. 

^El<!  fomiidere,  too,  that  it  cwigulntcs  a«  soon  aa  it  comes  into  contiict 

ith  the  epithelial  cells.     This  cannot  be  the  cose,  as  a  geneiul  rule  at 

^^l  events,  aa  it  is  well  known  that  the  liaWnefls  ;»enerally  immediately 

^^Icars  otf  after  the  performance-  ofiriUeitouiy.     There  is  probably 

*».'  Tne  fluid  between  the  conieal  lamella?,  but  it  is  only  when  the 

*  1  pressure  is  increased  that  a  st;isis  in  and  a  distension  of 

■^iie  apace*  oceur,  ^vith  a  still  further  pressure  into  the  ei>ithoIial  layer, 

vand  a  diaappearauce  of  the  oedema  on  the  return  of  the  normal  tension 

^B  dun,  no  doubt,  to  the  elasticity  of  corneal  ti.-wue.     In  old-f*t.iniling 

*mm  a  permanent  form  of  opacity  is  luet  with,  which  is  probably  due 

"%>  8om«  other  caupo  than  mere  cedema. 

SAalimmfs$  of  the  a nianor  chamber  is  almost  invariably  met 
witii  to  u  (f^^eater  or  less  extent,  thouoh  sometimes  the  opposite 
"ecindition  occurs.  The  shallovsiug  is  due  to  the  pushing  forwards 
of  the  lens  and  peripheral  portion  of  the  iris ;  in  long-standing 
cases,  also  no  doubt  to  the  adhesion  which  takes  place  between 
the  ]>eriphery  of  the  iris  and  the  posterior  surface  of  the  cornea, 
which  leads  to  the  blocking  up  of  the  angle  of  the  anterior 
chamber.  At  times  when  tlie  tension  is  great  the  anterior 
cbunbe-r  is  ofU^n  reduced  so  much  in  depth  that  the  jwrformance 
of  iridectomy  is  ren<lered  difficult.  In  most  cases  where  glaucoiuu 
occurs  in  young  individuals  the  anterior  chaml)er  instead  of  l)eing 
hallow  is  abnormally  deep.  This  is  alat;  the  case  in  some  fruins 
■Bcondary  glaucoma. 
Enlarfjtvirnt  of  cfmderal  veins  occurs  in  most  cases  which 
have  existed  for  some  time,  more  especially  in  the  congestive 
form  of  the  disea^,  though  this  change  is  nirely  al)sent  altogether, 
even  in  cases  of  simple  glaucoma.     In  acute  congestive  glaucoma 
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we  meet  with  hyper;emia  and  cheuiosis  instead.  a£  theresuhflf 
the  sudden  disturlmnce  in  the  venons  circulation  within  tk 
eyes,  which,  when  long  e*»Qtinued.  is  the  cuiuse  of  thedirteaawi 
of  tlie  external  veins. 

Excavation  of  the  papilla. — the  so-called  glaucoma  eujipiiig 
— is  met  with  sooner  or  later  in  all  eases  of  glauooma.  but  the 
extent  of  the  cupping  does  not  stand  in  any  very  close  n-latiuM' 
the  degree  of  visual  defect.  Wlicu  fully  developed,  the  pttjiin^io 
glaucoma  presents  the  following  appeaninees  on  ophthiilnuisCTf.r 
examitiatiou.  The  vessels  are  pushed  to  the  inner  or  tuisal  ^idr 
nnd  uppear  to  bend  sharply  round  the  margin  of  the  di*'  in  i^'i* 
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T\o.  95.— Glaucoma,  external  appeanukoea. 


situation,  without  therefore  coursing  over  any  portion  of  nom** 
papilla,  tlie  veins  being  at  the  same  time  frequently  ilistemli!^ 
and  Mil'  iirt<^rio,'^  small.      The  rest  of  the  papilla  preaenlfr  * 
gre}*ish-blue  appearance,  which  is  seldom  uniform,  being  mot* 
frequently  specked  with  white,  especially  at  the  centre,      Tbei** 
is  besides,  usually,  and  when  the  retinal  vessels  are  not  vrrtT 
greatly  atrophied,  a  blurred  a])pearance  of    vessels  U»  be  (*e^ 
in  this  bluish  area.     A  few  crises  of  haemorrhage  into  the  c3 
have  been  recKjrded.     According  to  Loring  the  appeanuioc  •■ 
hivmoiThage  may  possibly  Ix*  due  in  some  such  cases  to  the  fni 
mation  of  numerous  new  vessels.     Surrouiuliug  the  papilla  ihc*^ 
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ia  ulmost  invariably  a  whitish-yellow  ring  ^^eible,  the  breadth  of 
whicli  \-aries  eousiderably  in  ditferent  cases,  but  which  is  seldom 
verr  broad — seldom  meiisiiring.  for  iustrtiice,  one-fourth  or  one- 
^inl  the  brciidth  of  the  pjtpilhi — ulthonjrfi  it  is  occusinnally  seen 
^frven  quite  as  broad  as  the  papillii.  The  breadth  is  as  a  nUe 
nuifomj  throughout.  With  ordinary  care  it  is  e»&y  to  satisfy 
otic's-self  that  this  ring  is  not  a  portion  of  the  papilla  itself,  but 
*»  Abnormal  appearance  of  the  immediate  sun'oundin^'s  of  the 
papillii. 

The»e  apptiaruuces,  which  were  obeerved  soon  after  the  invention 
"f  the  ophtnalmoscope^  and  the  discovery  of  which  led,  as  has  been 


Fiti.  96. — Cupping  of  diac,  from  a  case  of  gl&ucoma. 

to  a  considerable  uioiUfication  in  the  views  as  tu  the 
*^tttre  of  glaucoma,  were  at  first  taken  as  representing  a  swelling  or 
t^vomineace  of  tho  papilla  instead  of  an  excavation,  a  mistake  wliicli 
^«8  uol  lonfj;  in  btnng  eorreoted  by  Weber. 

Even  ft  slight  <legree  of  exc4ivation  can  be  readily  diagnosed 

by  the  indirect  nietliod  of  ophthalmoscopic  examination,  by  ob- 

»*»-rvinj;  the  jwirallax  caused  by  moving  the  lens  fn.)m  side  to  side. 

The  edges  of  the  papilla  are  in  this  way  seen  to  apparently  slide 

lack  and  forwards  over  the  central  part.     From  this  we  know 
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that  the  aerial  image  of  the  boi'dere  of  tlie  disc  lies  n^r 
observer  than  that  of  the  centre  of  tlie  disc,  and  conseqU'.L. 
that  of  ail  object  whose  distance  behind  the  cornea  is  left  Hr 
actual  depth  of  the  exwivation  can  be  ufiproxiinatelydeWTiuiMi 
by  estimating  the  refraction  by  direct  ophthalmoscopic  examii*' 
tion  of  the  margin  and  of  the  centre  or  deepest  port  of  ibeaip. 
und  allowing  three  dioptres  tti  every  millimetre.  "With  Ginud 
Tculou's  binocular  ophthalmoscope  the  proper  relief  iaobUiuM 
and  the  excavation  evident. 


temporal  f  ,•  •  f^   , 


nasal 


Ftti.  07. — Lon^tudizuU  sevtiou  through  papilla  with  gUucoouitousvxoftniticni 
showing  cause  of  ophthalmoecopio  kppeftranoei  (ftfter  Fucht). 

There  is  little  difficulty,  as  a  rule,  in  diagnosing  a  g^*'' 
coma  excavation  when  fully  formed,  but  the  less  maiW 
clianges  which  occur  at  rtrst  ai'e  by  no  means  always  entirely 
characteristic,  and  uiiiy  lie  confounded  with  physiological  ex- 
cavation, and  also  with  that  excavation  which  is  met  with  ia 
atropliy  of  the  nerve.  "WHien  the  visual  defect  is  inappreciable. 
the  glaucoma  excavation  may  Ije  taken  for  a  physiological  one. 
while,  on  the  other  hand,  in  cases  where,  from  some  cwac  or 
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'^lier.  vision  is  ftt  the  same  tinie  impaired,  one  is  apt  to  ascribe 
i<lue  importance  to  an  existing  physiological  excavation.  The 
ijBioIogical  excavation  is  white,  and  never  involves  very  much  nf 
L«  na«al  j>art  of  the  disc,  over  which  the  vessels  can  consequently 
."Ways  be  seen  to  eonrse.  When  large,  it  tnaj'  extend  over  a  large 
or  even  tlie  whole,  of  tlie  tempt  mil  half.  The  vessels  can 
sndly  be  followed  down  the  side  of  tlie  excavation,  which  is 
nnnel-shaped,  and  not  steep,  as  that  met  witli  in  glaucoma. 
cases  of  uncertainty  we  have  to  fall  back  upon  the  subjective 
iptoms,  in  order  to  avoid  mistakes.  The  greatest  difficulty 
is  experienced  in  simple  glaucoma  sometimes,  when  the  excava- 
tiou  is  not  very  characteristic,  as  the  subjective  symptoms  are 
luuxlly  distinguishable  from  those  accompanying  atrophy.     The 
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Ji'io.  9S.  —  Dm^rjimiii.itio  reprr^entAtion  of  the  ditfereiit  foniuj  of  excuvutinn. 
(d)  Phv-iul  >;:i<  tkl :  (6)  Atr(;i)hic  :  (c)  GLauooDutous  (after  FuehH). 


atrophic  excavation  is  shallow,  and  as  a  rule  occupies  the 
whole  disc  The  vessels  never  bend  sharply  over  the  margin 
of  the  discr,  and  can  be  seen,  more  or  less  out  of  fociis,  continually 
from  the  point  or  points  at  which  they  emerge  from  the  nerve. 
The  apf»eanince8,  which  of  themselves  would  tend  t<j  render 
ucoroH  the  probable  cause  of  the  excavation,  should  it  be 
ht  and  not  very  tj^ical,  are  the  crowding  of  the  vessels  to 
the  nnsul  side  of  the  disc,  and  tlie  yellowish  ring  surrounding 
ibe  disc.  The  straight  dipping  of  all  the  vessels,  which  is  met 
with  in  a  later  stage,  is  quite  characteristic. 

A  ^prnilaTUons  pulsfUum  of  the  rc(in/ii  artenes  on  the  cupped 
disc  is  almost  a  certain  proof  of  the  existence  of  glaucoma. 
Such  visible  arterial  pulsation  is  very  rare  under  other  circum- 
BtoncesL     It  is  due  to  some  resistance  to  the  flow  of  blood 
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through  the  retinal  arteries,  so  that  the  current  is  only  c^::^ 
jilt'te  (luring  a  systole.  The  imjwdiment  is  mainly  no  d»«J 
the  result  of  increased  intraocular  pressure  on  the  vessels, hit  t 
is  poBsiblc  that,  in  many  cases  at  least,  it  is  due  in  so 
measure  to  an  active  spasmodic  constriction  of  these  v 
themselves.  It  disappears  almost  invariably  after  iridectotu^ 
and  cases  where  this  pulsation  is  visible  are  such  s&  are  mafl 
likely  to  be  benefited  by  operation. 

The  cause  of  the  excavation  of  the  papilla  in  glaucoma  ap]>enn  la 
he  the  gradual  recexttiun  of  the  lamina  cribrosa.     This  structure  sc«ini 
unable  to  resist  for  long  the  incre^ised  pressure  to  which  it  is  sub- 
jected, so  tliat  aft«r  fretiuent  attacks  of  abnormal  tension  the  eini  uf 
the  ner\'e  becomes  hollowed  out.      The  excavation  of   the   papilla 
depends  in  all  i>robability  less  on  the  degree  than  on  the  duratiuti  of 
the  iticrt^asod  tension.    Tlie  yellow  ring  is  generally  bt^lieved  to  he  due 
to  some  atrophy  of  the  choroid  cuu^tod  by  pressure  or  distension  as  th* 
h^minn  c'ribro9a  recwles.     Some  have  maintained  that  Uie  ap|it^innoft 
is  produced  by  an  iuHamniator)-  exudation  which  takes  pUc<j  in  tiiif 
situation.     The  great  regularity  in  breudtli  seems  to  itrgue  strvmgly  ia 
favour  of  the  distension  being  the   first  cause,   allliough   it   is  Dtii 
unlikely  that  in  some  cases  inilamniatory  as  well  as  punfly  idrophio 
changes  may  t;ike  place. 

It  is  believed  by  some  that  the  want  of  resisUnce  in  the  lamina 
cribrosa  is  the  result  of  inflammatory  change,  which  may  be  so  pit^ 
nounced  as  to  iulmit  of  its  recession  and  the  cousequent  cupping,  even 
where  the  tension  of  the  eye  has  at  no  time  risen  alxive  th"  nunnal 
standard.  If  this  be  the  case  at  all,  it  is  certainly  not  n  cotniuon 
occurrence,  most,  if  not  all,  excavations  being  met  with  where  At  JiU 
events  occivsional  increase  in  the  intraocular  tension  lakes  jdaco.  It 
seems  not  unlikely,  too,  that  there  may  Ix?  an  indi\*idual  diffcrfnt^ 
in  the  resistance  of  the  lamina  cribrosa.  Whether  the  path'^K•;^)t^al 
changes  which  are  undoubtedly  met  with  in  the  nerve  in  niuiiy  oues 
tend  to  favour  this  yiuldiag  to  the  increased  tension  or  not,  dtj«»  at4 
ap|>ear  to  be  as  yet  satisfactorily  established. 

The  aattenfss  of  vlnon  begins  to  diminish  and  became 
inunently  iniikjtired  as  soiin  n.s  the  glaucoma  has  passed  from  the 
}>remonitory  to  the  fully  developed  stage.  During  the  existence 
of  premonitory  sym^jtoms,  more  or  less  diminution  of  \i3ion 
Cakes  place,  but  this  is  recovered  from  as  soon  as  the  attack 
passes  ofV.  Even  in  cases  which  have  advanced  to  true  glaucoma 
we  may  usually  distinguish  between  a  permanent  and  a  trunsitory 
element  in  the  amblyopia.  During  each  exacerbation  which 
occui-s  in  an  infiammatory  case  of  glaucoma,  the  vision  is  worse 
than  before ;  after  t!ie  acute  symptoms  subside  there  is  n  gnulual 
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wery  to  a  certain  extcut,  which,  however,  does  not  as  a  rule 
^  i  restoration  of  the  same  degree  of  iicnteness  wliich 

*-  ,  Liv.  .,t.fure  the  utlaek.  Each  uttuck,  Lherefoni,  leuves  vision 
"111 'iv  iinjvured  than  before,  until  it  is  eventually  lost  ult<jgether. 
There  is  a  very  great  dilierence  in  tlie  rapidity  with  wliicli 
iplete  destruction  of  vision  takes  place,  11  difference  which 
mds  on  the  nature  and  severity  as  well  as  the  frequency  of 
■ho  acute  attacks,  and  alsrj  ujKm  the  eoiitinnance  of  the  incrwised 
ion.  lu  the  most  acute  cttst-^s,  where  the  syniptoins  uf  con- 
ion  are  excessive,  vision  may  be  altogetlier  lost  in  u  few 
'loars.  To  such  cjises  the  name  ghtucoma  fulmmfnis  has  l)een 
|given,  while,  on  the  other  hand,  chnmic  cases,  and  more  par- 
iticularly  chronic  non-congestive  cases,  may  not  lead  to  the 
ttHBplete  loss  of  vision  until  after  the  lapse  of  many  years. 

The««  difierunces  render  it  |>roljable  tliat  there  arts  two  ways  in 
which  tlie  \*ision  ia  lost — (I)  as  the  result  of  tho  inorejLSL'd  tension 
Within  the  eye,  ami  (2)  wliero  the  aii!aun)8is  is  rapidly  produced  as 
the  direct  reiiiilt  a^  well  of  the  vascular  fitat^?  which  pivon  rise  Ui  tl»e 
mcTfasod  tensicm.  Prolmhly  the  suddeiiuess  and  possible  eompleteaess 
W  tlic  ia*'ha»inia  of  tlie  retinal  vessiils  is  sutHcient  to  periiuuiently 
'^fifth  vbion,  just  as  it  does  in  cases  of  embolism  of  the  central  artery 
<*' 'iie  retina. 

Various  views  are  entertained  as  to  how  the  incre»isetl  intraocular 
tosiou  causes  the  aiiiblyopia.  By  some,  for  instance,  it  is  fiupi>owMl 
't  tlic  pressure  ujKin  the  fibres  in  the  ni)tir  nerve  directly  leads  to 
'^  hlindrie&«.  Another  hypothesis  is,  thai  the  increased  pres^im*  on 
(lie  retina  is  the  cause  ;  while  others,  ngiiin,  heliove  t]\at  the  functional 
*-'tivity  of  the  retina  is  grudually  lotnt  owing  to  au  interfervnce  wiused 
")'  tilt)  preiisure  in  the  blood  supply  to  the  delicate  struiilures  of  the 
retina, 

JMrwiu/ji  0/ the  field  of  vifnon  occurs  at  the  same  time  as 
^We  defect  in  the  acuity  of  tlie  central  vision.  This  rcHtriction 
^^ins  first  to  have  been  pointed  out  by  Mackenzie.  There  is 
^^  Bl>solute  constancy  in  the  manner  in  which  the  field  of  vision 
*  invaded,  but  most  frequently  one  finds  the  nasal  portion 
^^olished  to  a  greater  extent  at  first  than  other  portions  of  the 
fi^ltl,  and  not  infrequently  this  portion  alone  can  be  demou- 
''t-'^ted  to  l»e  defective.  Wherever  the  restriction  is  it  is 
^f^ftmlly  continuous;  that  is  to  say,  there  are  not.,  as  a  rule, 
*^*^tomata,  but  if  one  part  of  the  retina  has  lost  its  function, 
tnat  of  the  parts  more  peripheral  to  it  in  the  same  dii'cction  is 
"Mostly  also  abolished.     The  blind  portion  of  the  field  of  virion 
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is  Ixinlered  by  an  amlilyn]»ic  area  in  which  colour  vaiot 
aljsent  or  tlefective,  but  there  is  not  t!ie  wime  recessi 
boundaries  for  colour  vision  as  is  met  with  in  ntruphToltii 
optic  nerve.  The  limit  at  whicli  the  different  colour' nivn 
cognisable  is  usually  much  the  same  for  all,  and  onlj^igliil 
more  retracted  than  tlie  eorresponding  boundary  foruncoliion 
impressions,  while  even  in  cases  where  the  limitation  i* « 
great  there  still  remains  colour  perception.  It  is  Uien 
this  greater  restriction  to  the  nasal  side  of  tlie  tield  to 
and  eventually  involve  the  centre  before  complete  Mind 
in,  so  that  at  an  advanced  state  of  the  disease  onlv  an  < 


FlO.  99. — ^Typical  defect  of  field  of  v-ision,  from  a  oue  of  gUi 

portion  of  the  temporal  side  remains.     The  prepondt 
the  nasal  invasion  of  the  field  appears  to  be  more 
chronic  than  iii  acute  c-ases  of  glaucoma.     The  mam 
striction   next   most   frequently   met   %\-ith    is   tlie  coni 
restriction,  where  there  is  a  tolerably  proportionate  int4 
with  tlie  fiuiction  of  all  jmrts  of  the  periphery  of  the 
is  very  rare  indeed  to  find  the  restriction  most  marked 
and  still  more  so,  as  some  have  seen,  for  this  portion 
only  one  in  which  the  field  is  diminished.     In  not  a 
the  central  \'ision  is  markedly  diminished  without 
demonstrable  defect  in  the  field   while  the  opposite 
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vijL,  great  restriction  of  the  field  with  good  central  vision,  is 
«»J>e,  if  it  ever  doea  occur,  in  pure  glaucoma. 

From  an  examination  of  one  hundred  cases,  in  which  a 
glaucomatous  excavation  of  the  papilla  existed,  Bunge  found  t!ie 
foll'iwin^  forms  ctf  defe<:t  of  the  Held  of  vision  : — Defect  in  naHul 
portion  alone. twenty-seven  cases;  predominating  in  nasal  portion, 
forty-four  caaes;  tield  remaiuint;,  assuming  form  of  peripapillary 
oval,  four  cases:  destruction  of  whole  tield,  including  centre, 
with  exception  of  small  temporal  portion,  nine  cases.  A  central 
or  paracentral  scotoma,  with  or  without  slight  restriction  of  nasal 
periphery,  four  caaes;  restriction  only  upwards,  two  cases;  con- 
centric restriction,  six  cases;  preponderance  of  defect  in  the 
texn]>oral  half  of  the  field,  four  cases. 

fijerrum  ha»  shown  that  if  the  glaucoma  field  be  taken  for  a  white 
object  3  inm.  iu  dianiett^r  nt  2  mi'tres  from  the  eye,  and  llivrefure 
far  att  objwl  wihleiniing  a  very  sinidl  visual  angle,  there  is  nhnost 
inTariahly  io  1h»  found  a  very  eharjiflemtic  fonn  uf  nfstrioLion.  The 
Rhflp^  rif  tbo  fii'Id  is  hy  no  nutans  iilwaya  the  sumc  in  all  cases,  hut  the 
rf  -a  is  nhvays  found  tn  extend  right  up  to  tlie  blind  spot  iu 

0-'  11  or  (mother.     In  other  wonls,  the  blind  area  correspomliiig 

^  liip  i-ntrance  of  the  optic  nerve  is  continuous  in  some  direction  with 
Mie  defect  in  the  field  caused  }iy  the  glaucoma,  while  in  other  direetionj 
**  i«  found  to  have  its  normal  boundiiries. 

In  a  number  of  cases  of  glaucoma  which  I  examined  with  the 
^«i*tAnc©  of  Dr.  Ramage,  with  reference  to  this  point,  we  found 
^j«rrom'fl  reeolte  fully  coiitirnie*i.  Fig.  100  is  a  drawing  of  a  glaucoma 
™W  tftken  by  Bjerrum'a  motho<i.  In  sevend  caaes  where  I  hud 
P®*tbrmed  iridectomy  for  glaucoma  in  the  one  eye,  but  iu  wjucli  no 
'^'it'r  erikleiice  of  glaucoma  wiu*  present  in  the  other  eye,  the  same 
^***»»ct«risUc  rvstriction  was  found  to  exist. 

Bjemim's  eymptoin  may  then  W  looked  upon  as  one  of  the  earliest 
'•^Ognisiblc  change's  in  most  cases  of  glaucoma.  The  peculiar  form  of 
'^■ttietion  described  is  not  met  with  in  any  other  diacase. 

A  Batt«factory  explanation  of  the  way  in  which  the  blindness  is 

Pti^luwHi  must  account  for  (I.)  tbo  want  of  constancy  in  the  manner 

^  wUch  peripheral  vision  is  K»sl,  ami  (2.)  the  tendency  at  the  same 

wtt»t*  for  Uie  na.'ial  portion  tf>  tliaiijjpt'ar  l)efoie  the  other  etjually  peri- 

VWial  partA.     The  diH'erence  which  Ls  met  M'ith  in  respect   to   the 

uinclion  of  the  retina  in  acute  and  chronic  cases  respectively,  eeems  to 

Voitii  to  an  obsence  of  any  likelihood  of  the  caui*e  of  the  amblyopia 

W»mlway»  the  same.     Of  the  three  hypotheses  already  mentioned, 

tht  ftne  which  ascribes  the  blin-lnesp  to  direct  pressxire  on  the  retina 

•ViKare  to  be  the  leitst  consilient  witli  the  clinical  facta.     It  was  sup- 

puxfi  hy  Domiers  that  the  i*eason  wliy  such  pressure  should  atiect  the 

(^npbtoT  in  the  first  place,  Ls  that  the  nerve  tibres  which  supply 
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those  regions  are  the  most  superficial.     Ou  this  supposition  it  ;•  <Iii& 
cult  t(>  undoretanil  why  the  manner  in  wliicli  the  tieU  of  vi£i> 
invadetl  should  not  be  more  regular  than  it  is,  evi-n  taking  it 
granted — altliough  it  has  not  been  proved,  and  appears  most 
— that  a  pressure,  exerted  in  the  way  the  lluid  prc-ssurt  wilbiuUiei 
is  exerted,  would  have  the  etfect  of  complet4?ly  and  i^r: 
ferin)^  with  Uie  function  of  the  more  auperficLilly  courg  :  _ 
that  of  the  deeper  ones  remained  relatively  undUturbed, 

As  to  direct  pTussure  ou  the  nerve,  Nettleship,  I5uii>?».  anl  "<h« 
have  demonstrate  that  the  fibres  which  supply  th- 
macula  occupy  tlie  greater  part  of  tlie  outer  tjuadraut  ul  i 
as   it  enters  the  eye.     There  is  much  to  be  said,  too,  in  fuTii 
Bunge's  views  as  to  the  position  in    the  nerve  of  the  fibres  \h 


Fio.  100. — Field  of  vision  fruin  a  case  of  ^Uucmua  iti  which  V*-i 
Shaded  area  marks  extent  of  field  by  ortlinary  jierimcter  lost ;  wliiWi 
field  for  uuall  object  by  Bjvrrum'ft  method. 


to  other  parU  of  the  retitia,  viz.,  that  the  more  centrally  situnlM 
8Ui>ply  tlie  more  ixjriphonU  portions  of  the  retijia.  AccunJing  lo  «* 
seheniG,  an  excavation  occupying  raoro  specially  and  primanlj  '^^ 
portion  of  the  disc  miglit  [wsyibly  explain  the  visual  defi^U,  1*^ 
central  and  perij)heiiil,  which  are  most  commonly  foiuid  to  exist,  if*' 
were  to  a.ssume  at  the  same  lime  tliat  the  fibres  contjiint'd  in  ^ 
excavated  portion  of  tlie  disc  were  those  whos*?  functiou  vrw  nw* 
interfered  with.      Individual  differences  might  also  l>e  aaginued  ^ 
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•^iit  with  respect  to  the  portionB  of  the  nerve  wliich  yieKi  to  the 

^^^aiUst  extent  to  pressure,  uml  thue  account  for  diiferences  in  the 

^■•ail  dcfertit.     The  assumption  of  a  dirc^ct  pressure  on  the  lihres  of 

*^«  optic  nerve,  and  their  de^^ene ration  jw  the  lamina  crihroisa  yields  to 

'•If  increased  fluid  jtres-^ure,  is  open  to  the  anmo  ohjection  ns  has  just 

•^^'fl  orsed  upainst  the  liypt-ttliesis  of  diriHt.  pressure  on  the  retinal 

''ervp  fibres,  viz.,  that  it  doue  not  altogt'tht-r  account  for  tlie  mucli 

i^Traiex  destruction  of  function  in  some  jMirts  of  the  retina  tlian  in 

*>tbcrb,  whoa*!  nerve  supply  in  the  papilla  is  not  very  fur  a-moved  from 

*Ae  first.     Beside**,  when  there  is  complete  loss  of  a  portion  of  the 

***aiil  periphery  of  the  field,  there  ought  at  the  same  lime,  were  the 

(kfRSsum  of  the  fihres  in  the  papiLiii  the  only  cause  of  this,  to  Ixt  a  hliud 

j:iortioa  sfjiuewhere  near  tin*  macula,  or  a  panicentral  8r;otoma.     •Siuh 

xa  scotoma  \^  rare,  liowi^ver.      It  was  cttUy  found  four  times  in  the 

liniktlrtM]  tas*^  cited  by  Bunge. 

Th«  interference  in  function  resulting  froni  pressure  on  the  retinal 
-^-rMseltf  is  tt  factor  to  which  there  is  litth;  doubt  some  importance  must 
lie  ascribed.  The  pressure  may  be  supposed  to  act  most  effectually  on 
*.he  smaller  terminal  branches  of  thfae  vessels,  lx)th  directly  and  by 
.coi)iiir«-^.-.iii<j  the  hu^er  trunks  in  the  papilla,  or  it  might  be  uk  a 
^<  !  of  the  kinking  of  the  vessels  at   the   margin  of  the 

tfXv.,  ..>.^:,i  disc. 

Th*?  more  abnormal  course  of  the  um>)lyopia,  as  well  as  the  lilind- 
jVMa  poKluned  in  very  acute  cases  before  any  excavation  of  the  papilla 
t4kcs  plaice,  points  to  some  factor  inde|)endent  altogether  of  jiresaure 
ou  the  nerve  elements  at  all  evenl.H,  and  connected  in  all  prtibability 

niun*  directly  with  the  vascular  clmngca  of  which  the  increased  intm- 

**'^ular  tcusion  is  but  one  of  the  symptoms. 

Bjemim's  symptom  is  certoiidy  very  suggestive  of  the  amblyopia 

f^ing  4ue,  in  the  majority  of  caset*,  to  some  change  iii  the  non-e  itselC 
It  dous  not,  however,  thn)W  much  light  upon  the  iiue.stion  as  to 
vheiher  that  change  is  due  directly  to  pressure  or  not, 

Photopsia,  or  the  subjective  sensatlou  of  light,  is  uot  an 

iVttriable  sjnuptoiu.  find  is  besides  a  verj-  inconstant  one  in  any 

icular  cuse  of  ghuicoma.     It  is  .seldom  very  marked,  but  is 

•onji-tiines  present  to  a  painful  extent,  aud  often  persists  even 

^^l+T  tJie  disease  has  le*l  to  complete  blimlnesa.     Even  at  this 

time  it  is  a  variable  symptom,  being  only  e-\i>erienced  during  the 

*tt4icks  which  give  rise  ti»  jiain  and  iiicreused  tension.     The  e^nse 

"t  the>iv sensations  is  in  all  probability  some  draggingof  the  retina 

which  imiy  be  sntlieient  to  give  rise  tv^  a  sensation  of  light,  even 

at  a  time  wJien  the  atrophic  process  has  so  far  mlvancetl  us  to 

\\axe  abolished   all   possibility  of   a   response   to    tlie   normal 

stimulus.     Il  is  a  very  common  thing  to  hear  patients  who  are 

*^lutely  blind  from  glaucoma  declare  that  they  can  see  light, 
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and  to  find  on  examinatiou  uo  cause  for  this  other 
mechanical  one. 

Mnre  or  less  anccsfhesin  of  tke  eoniea  is  met  with  iu 
all  enses  of  cnnfirnieil  glaucoma.  The  aiupsthesia  is  not 
rule  equiillr  marked  over  the  whole  extent  of  the  cornea, 
is  seMoiii  tliHt  ou  careful  exploration  some  point  or  p<»iul 
diminished  sensibility  are  not  to  be  found.  The  lest  is 
made  by  touching  the  cornea  with  a  small  feather  0TCJira4| 
brush.  The  C4iuse  of  lliis  Hna*istlni.sia  was  geuerally  beliei 
be  the  pressure  on  the  ciliary  nerve  within  the  eye,  until 
aih'Hueed  the  more  prolwible  explanation  of  an  interferco( 
pressure  or  by  a  sepamtion  of  the  nerve  filaments  in  thecvnift 
as  a  result  of  the  oedema,  which  is  the  anatomical  change  giuny 
rise  to  the  haziness  of  the  cornea. 

Furhs  explains  the  process  which  lends  trtrtiLtstheMa  of  the 
as  follo^\*B  : — "  Au  iucrt'ased  amount  ui'  lluid  linds  it<}  way 
nt'VVf?  rlmnncla  in  ll«iwnian*s  mcmbnine,  and  thus  Oiiusp-s  thrir 

tiiiHL     The  iiLTvt;   tibrys,  wliich   lire  eurrouiideel   and   iiitilttxUnt' 

prnbably  also  pressed  on,  by  thi.^  Huid,  aro  paralysnl.  At  \m 
■whvTff  blnb-shai>ed  elevatiims  of  epitbehum  are  met  with  the  fil«*w 
aeru;iUy  Uyvu  iwundf^r.  Whon  a  false  membrane  of  coagulated  lj« 
ha-H  bwm  found  between  lliu  epithelium  and  Bowman's  membnuie  h 
rupture  of  the  nerve  twigs  talces  place  over  almost  the  whole  eilefllB 
tlie  cornea." 


I 


Pairij  varying  in  amount  from  a  disagreeable  sensat 
fuluesa  and  dragging  in  the  eye.  to  the  most  acute  nei 
over  the  whole  region  supplied  by  the  fifth  nerve,  isasToqiM 
which  nlwnys  marks  at  nny  rate  the  exacerbations  in  eongwlfl 
gliuiciuna,  and  wliicli  in  nuiny  cases  is  pretty  constant  Unb 
tuuately  those  who  sutler  from  glaucoma  do  not,  as  a  role,  g 
riii  of  the  pain  sifter  the  glaucoma  has  become  abetdute. 

In  very  acute  cases  the  irritation  of  tlie  fifth  ner\'ebring9i 
Sfunewhat  alanuing  general  symptoms,  feverishness,  aickDS 
and  vomiting,  which  niny  be  so  severe  iia  to  detract  alteuti* 
fmni  tlie  local  mischief,  if  one  is  not  alive  to  the  conoecU' 
which  may  exist  between  the  local  cause  and  t-he  geoei 
symptoms,  and  this  all  the  more  so,  as  even  tlie  patient  iw 
a.Hfribe  more  iujpurtance  to  the  latter.  The  pain,  wlieu  mod* 
ate,  is  also  due  in  most  instances  to  iiritation  of  the  fibres  o(  t 
fifth  nerve  supplying  the  eye ;  but  it  is  possible  that  sometiiD 
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nt  uiy  rut«  an  irrilfttion  of  the  fifth  nerve  is  the  pruuary  cause 
"f  Iwth  the  glaucoma  ami  the  other  aymptoms  complained  of. 
The  u»08t  common  form  in  which  glaucoma  presents  itself  is 
tntiacute  attacks,  followiug  each  other  at  intervals,  the  first 
nning  as  a  rnle  after  some  premonitory  symptoms  have 
Pi^vionsly  been  olwen-ed.  After  each  attack  of  tliis  nature  a 
P'Hjtial  recovery  of  vision  takes  place,  b\it  the  ultimate  amount  of 
^■"iiion  is  almost  always  less  than  it  was  l>efore,  the  ftehl  more 
*^»tricte(l»  anil  the  cxwivation  of  the  jNipilla  mi»rc  marked-  The 
^^^at-erbations  become  eventually  more  frequent  and  ])eruiaiieut, 
**■*(!  the  recovery  after  each  attack  is  less  complete,  until 
^"^'fDtually  the  chronic  congestive  type  of  the  disease  is  fully 
lAeveloyjed,  and  presents  all  or  most  of  the  objective  and 
•whjctrtive  symptoms  already  described.  Even  after  a  long 
I  c^ontiniiHuce  of  the  simple  form  of  the  disease,  it  is  possible  for 
^URpuc^  syuiptnms  to  develop  all  iit  once.  As  a  rule,  however, 
|^%t8?s  of  glaucoma  simplex  retain  their  character  to  the  eiuL 
l*n)bably  nmuy  years  nui}'  pjtss  before  the  excavation  of  the 
iien'e  l>ecomes  complete ;  but  when  the  case  is  first  seen, 
ibere  is  generally  marked  cuppinjj;,  although  there  may  be  no 
eal^mal  oidenc©  of  any  impeded  circulation. 

Tn  a  sevei-e  ucute.  so-called  infiammatory,  attack  the  circula- 

t^'ty  ilisturbunce  leads  not  only  to  rapid  and  extreme  increase 

of  intTBocular  tension,  but  also  to  exudations  into  tlie  external 

tissues  of  the  eye,  gi\nng  rise  t<i  chemosis,  and  even  redness  and 

«wellijig  of  the  lids.     The  corneal  opacity,  Loo.  is  very  gi*eat,  tlie 

pnpil  dilated  and  absolutely  immobile,  whUe  the  severity  of  the 

Jtttack  is  evidenced    by   the  photophobia,  lachrymation,  pain 

tooiiting.  and  general  disturlmnce  to  which  it  gives  rise.     The 

Tision,  too,   is  either  rapidly  altogether  lost  or  very   much 

inqNured.    A  Buluu-ute  attack,  on  ti»e  other  hand,  is  characterised 

b;  k  less  sudden  deterioration  as  well  as  by  a  greater  subsequent 

Impntvejneut  of  vision. 

Acute  or  subacute  attacks  of  glaucoma  come  on  in  eyes  pre- 
disposed to  tile  iliseaiie  after  the  (Kx.'urreuce  of  anything  which 
Utty  be  supposed  to  lead  to  a  venous  stasis  in  the  uveal  tract, 
•ither  directly  or  owing  to  diminished  arterial  tension.  Fits  of 
lueiital  depression  and  sleeple^ness  are  thus  likely  to  be  followed 
"^  gbiucoina.  and  tliis  is  also  the  case  where  there  is  a  weakness 
^^  the  heart's  action,  as  during  convalescence  from  illness.     In 
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short,  any  debilitatiug  condition  may  be  followwl  by^jUmnmt 
Under  such  circumstances  the  pupil  is  upt  to  becume  iliUu-l 
This  condition  is  of   itself   likely  to  favour  the  owtbrwik 
glaucoma  when  the  predisposition  exists.     Thus  one  see;  e^i 
now  flnd  then  an  attack  follow  the  use  of  atropint*.     Er 
honiatropine  and  cocaine   have  been  obsen'ed   to  produw 
same  effect    f)n  the  nther  hand,  a  natural  or  indncwi  rout 
tion  of  the  pupil  wlien  this  can  take  place  often  cuts  short  ( 
attack.     This  is  no  doubt  one  nmson  why  sleep  is  found  to  be: 
beneficial  in  the  early  stage  of  the  tILsease.    As  tr»  the/>m<i 
titm^  it  is  seldom,  unless  premonit<jry  symptoms  liavt*  beeni 
plained  of,  that  one  can  be  alive  to  its  existence     The  '^il 
circumatiince  which  would  raise  a  suspicion  in   this  rs" 
would  he  the  (Hscover)*  of  a  greater  degree  of  presbyopm  itia 
coixesponded  to  the  patient's  age. 

DiatjnoitiA. — It   is   by    no    me^ins   always   oasy   to  ilitO*"' 
glaucoma,  owing  to  the  variety  Ltf  synlpt^tr^s  which  in  liiffTtiii 
cases  are  most  prominent,  and  the  absence  often  at  the  tiiw"' 
e.\amination  of  one  or  more  of  the  most  important  of  the* 
symptoms.      It  is  unquestionably,  however,  the  duty  i*f  «^'« 
meditul  man  in  genend  pnictice  to  accjuire  such  a  knowlwigef 
the  clinical  aspects  of  glaucoma,  tluit  he  may  be  in  a  positioal 
susjH*ct,  even  if  lie  iiuiy  not  Ik^  able  to  diagnose,  its  existi'J 
Tlie  tUaguosis  is  mr^st  ditticult  in  tlie  case  of  the  sim]fle  formi 
the  disease,  and  here  sometimes  the  difhculty  is  xery  great   I» 
all  cases  the  form  of  excavation  of  tlie  pajnlla,  the  pn*^- 
arterial  pulsation,  moi^  or  less  irreg\darity  of  the  pupil, 
of  the  episcleral  veins,  amesthcsia  of  the  cornea,  and  the  condit 
of  the  colour  and  light  senses,  are  the  points  to  which  »lt**aM 
must  Ik*  given,  it  which  must  be   looked   for.      It   must 
remembered  that  an  evident  increase  of  tension  may  l>t'  id«t'HJ 
at  the  time  of  examination. 

It  is  witli  some  ff)rins  of  atrophy  of  the  optic  nen'e  thati 
is  apt  to  confounii  glaucoma  simplex,  and  further,  there  isofwo 
great  dittienlty,  where  tlie  glaucoma  exists  along  with  -i      ' 
from  choroidal  disease,  in  satisfying  one's-self  as  to  its  pi  - 
When  the  data  afforded  by  the  objective  appearances  are  i«"& 
suftifient  to  jn.stify  a  diagnosis,  and  when  no  very  chamotaisticr 
I'estriction   of   the   field  of  vision   exists,  some    htdp  may  1*^ 
obtained  by  an  examination  into  the  state  of  the  light  seu»^* 
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^  the  peripheral  colour  sense.     In  cases  of  pure  atrophy,  t>,, 
«nch  in  which  the  nerve  elements  of  the  retina  are  primarily 
involved  in  the  process  which  gives  rise  to  the  amblyopia,  it  is 
(tnitnl  thjil  while  very  little  more  amblyopia  is  cjuised  by  reduc- 
ing iJic  illumination,  and  ihe  minimum  pei*ceptible  amount  of 
W^t  is  not  markedly  less  than  normal,  a  very  distinct  defect 
•'xiau  in  the  ability  to  distinju^uish  between  difterent  intensities 
"^  illmninatioiL     On  the  other  hand,  the  choroido-retinal  atfec- 
^oiw  exhibit  exactly  the  opposite  conditions  with  respect  to 
[tt)ese  two  elements  of  the  light  sense,  viz.,  more  or  less  marked 
ijdit  blindness,  with  relatively  good  power  of  distinguisliing 
'i^tween  different  intensities  of  ilhmiination.     In  glaucoma  the 
^ffecUs  in  the  light  sense  occupy  an  intemiediate  position — a 
f«ct  which  is  not  without  importance  in  connection  with  the 
Views  as  to  the  etiology  of  the  disease,  and  which  al  the  same 
time  is  of  some  diagnostic  importance,  although  the  pnictical 
Yalue  in  this  respect  is  hardly  as  grt!at  as  has  been  supposed, 
owing  to  there  being  considerable  differences  in  different  cases 
in  the  nature  of  the  defects  of  the  light  sense.     Peripheral  colour 
vision  18  not,  as  we  have  seen,  s*)  markedly  defective  in  glaucomii 
sfl  ill  atrophy,  and  the  functional  activity  of  the  retina  in  this 
respect  should  consequently  l>e  determined  in  all  doubtful  cAses. 
SKCONFiARV  (tLAUCOMA. — Much  the  same  set  of  symptoms, 
and  occurring  with  different  degrees  of  severity,  are  met  with  in 
which  are  the  site  of  other  affections,  either  inflammatory 
traumatic.     There  is  tlien  said  to  Ite  secondary  glaucoma,  as 
ibc  glaucomatous  symptoms  have  not  originated  of  themselves, 
but  have  followed  upon  some  change  which  of  itstdf  is  recog- 
niseil    as    pathological      When    the    condition   of   secondary 
glaacoma  is  set  up,  the  risk  wluch  the  eye  runs  is  the  same  as 
vrheti   the  disease  is  primar}',  with  this  important  difference, 
l/owever,  that  the  cause  of  the  circulatory  disturbance  being 
a.pparent,  of  a  more  or  less  distinctly  mechanical  nature,  and,  as 
it  wei-e.  less  intimately  associated  with  tlie  symptoms  to  which 
il  gives   rise,  there  is,  when  it  can  be  removed,  considerably 
more  chance  of  averting  the  consequences  of  the  glaucomatous 
A-ttAck  than  is  given    by  interference  in  the  case  of  primary 
^aucomu.      Thus    glaucoma,  along   with    iritis  or   traumatic 
cataract,  can  generally  be  arrested  by  operation.     This  is  not 
tJ>c  case,  however,  when  the  cause  is  a  dislocated  lens,  or  a  dense 
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leucoma  adherens,  leading  to  staphyloma,  as  the  symptoms  can  in 
such  cases  seldom  be  removed  by  the  performance  of  irideLtomy. 
One  form  of  glaucoma,  generally  considered  as  belonjpng  to 
the  secondary  category,  though  more  coiTectly  speaking  priuiarr. 
desei-ves    special   attention,  viz.,   what  is   called   hamorrhnQie 
glavermta.     In  this  disease  glaucomatous  symptoms  of  vaiying 
intensity  supervene,  generally  after  the  lapse  of  some  weeks, 
upon  an  attack  of  apoplexy  of  the  retina.     The  pain  is  usually 
very  great  in  such  cases,  and  the  condition  may  occur  in  one  or 
both   eyes,  though  fortunately  more  fre(|uently  in  one  alua& 
There  is  often  a  history  of  sudden  blindness  coming  on  before 
the  attack  of  the  glaucoma.     The  iris  may  present  the  api)ear- 
ance  of  Jiitmorrhagic  infiltration,  or  there  may  l>e  blood  in  the 
anterior  chamber.    The  chnmlxir  itself  is  never  sliallowed  in  the 
manner  so  cliamcteristic  of  other  forms  of  primary  glauco- 
The  individuals  in  whom   haimorrhagic   glaucoma  occurs 
almost  always  advanced  in  life,  and  the  subjects  of  utheroma— 
tons  degeneration  of  vessels.      They  not  infrequently 
cerebral  apoplexy. 

A  pretty  distinct  group  of  cases  complicated  by  inc 
intraocular  tension  and  other  symptoms  of  a  gbiuctuiiatiju^ 
state,  are  those  in  which  for  some  cause  or  otber  there  is  a«r» 
abnormal  degree  of  exmlation  passing  from  the  iria  or  cili 
prbcesses,  as  in  serous  iritis  and  where  anterior  synechiie  giv 
rise  to  a  distinct  dragging  on  the  iris,  as  may  l)e  the  case 
pretty  extensive  adhesions  to  linear  scars,  or  to  staphylonmlo 
cicatricial  tissue  in  the  cornea.  Other  forms  of  iritis  may 
become  complicated  by  secondaiy  glaucoma  proliably  from, 
another  cause,  viz.,  an  interference  with  the  escape  of  the 
aquecius  fluid  from  the  posterior  into  the  anterior  a«)«*^ 
chamber  which  results  from  the  existence  of  total  posterioi 
synechiee ;  and  when  secondary  glaucoma,  owing  to  this  condi- 
tion, is  present,  one  sees  a  more  or  less  marked  bulging  forward 
of  the  iris. 

Traumatic  cataract,  whether  produced  accidentally  or  bj 
operation,  is  not  infrequently  followed  by  increased  l*?nsioa 
Two  conditions  appear  to  give  rise  to  this,  viz. — the  swelling  of 
the  lens  substance  within  its  capsule  and  the  filling  of  the 
anterior  chamber  >vith  the  bn;>ken-up  portions  of  the  lens.  The 
latter  is  more  likely  to  cause  this  complication  the  greater  ll 
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luaaa  of  lens  matter  occupying  the  anterior  chamber,  and  the  older 
ti»e  individual  in  whom  the  trauma  has  tx^curred.  Ko  doubt, 
Vf',  Houie  cataracts,  botli  traumatic  and  cougeuital.  contain 
Babetunces  which  are  more  liable  to  set  up  iiTitation  and  induce 
towion  than  others. 

Mot'ation  of  the  lens  is  anotlu-r  cause  of  secondary  glftucoma. 
iatnocuUr  tumours  almost  invariably,  when  they  have  attained  any 
WH,  jjive  rise  to  glaueomatuus  ttyniptoms,  which  ore  sometimes  so 
»v*?ri-  (u  to  rt'nder  llie  diaguosis  of  Uie  i»rimaTy  diseaao  very  difficult 
nwinR  to  thti  haziness  of  the  dioptric  irieilia.  The  more  rapidly  giv)w- 
Ui;^t'imours  arc  more  likely  tn  be  complicated  hy  secondary  glaucoma 
than  th<»s<.'  wliich  increase  slowly  and  permit  of  the  eye  acconimodat- 
iiigiMf  to  the  alteivd  conditions,  or  of  undergoing  gradual  degenera- 
tive eiiwiges, 

Wiilst  primary  glaucoma  is  almost  exclusively  a  disease 
ow-niTing  late  in  life,  secondary  glaucoum  is  met  with  at  all  ages, 
«ldiouji;h  undoubtedly  more  is  required  to  set  it  up  in  young 
eyes  than  in  old.  The  visiou,  too,  does  not  apf>ear  to  be  so 
■^pidly  or  permanently  interfered  with  by  the  increased  tension 
ill  ynung  eyes. 

Two  important  forms  of  complicated  gluncoma  occur — (1.) 
cataract  with  glaucoma;  (2.)  high  myopia  with  glaucoma,  Bf»th 
Conditions  are  fortunately  rare.  With  regard  to  the  first,  it 
"^Pptars  almost  as  if  tlie  senile  changes  which  brought  about 
*^Uriict  created  an  immunity  against  glaucoma.  But  exceptions 
do  occur,  and  it  is  important  to  diagnose  the  existence  of  tlie 
glaucoma,  as  special  care  is  reijuired  in  the  treatment. 

Most  frequently  it  would  appear  that  such  a  complication 

^  confined  to  one  eye;  at  least  it  is  not  such  on  uncommon 

"ling  to  meet  with  senile  cataract  at  the  same  time  in  both  eyes, 

^*^  glaucoma  in  the  one  alone.    It  is  jK»s.silile  tliat  such  cases  come 

*    nile  under  observation  much  sooner  after  the  blindness  of 

^  Second  eye,  and  the  ojx'ration  for  removing  the  cataract  has 

^P^'ophylactic  action  on  the  glaucoma,  to  which  there  may  luive 

^**  a  tendency. 

Sometimes  one  meets  with  glaucoma  after  extraction,  i.c,  in 


a« 


Aphakic  eye.     Possibly  in  such  cases  the  conditions  likely 


an 

to    V.  '  •  " 

^    *^  followed   by  an  outbreuk  of  glaucoma  existed  pi-evious 

^       "^le  operation;   but  it  is  more  likely  that,  as  a  rule  at  any 

j^/^"^,  the  glaucoma   is  secondary,  an*!  caused  by  the  dragging 

the  peripheral  portion  of  the  coloboma  nmde  in  the  iris, 


378 


GLAUCOMA. 


or  on  a  portion  of  the  lens  capsule,  which  is  incarpcnlid  fl 
with  the  cicatrix.  Another  cause  may  be  the  ejjudalion  n\  ■ 
up  by  the  dragging  uti  the  iris  or  ciliary  body  of  tlie  rat-^H 
tracting  elements,  which  make  up  the  more  or  les*  o{iv(i^H 
secondary  cataract,  as  needling  of  this  membrane  is  ;^uietioM^H 
suthcient  to  clietrk  the  glaucomatous  spnptoms.  \S'hen  i^H 
chronic  congestive  glaucoma  has  reached  the  stage  of  decfiien-  I 
tion,  the  lens  not  infrequently  becomes  ojiaque.  Such  cii'^- ^  tf'  \ 
however,  not  to  be  confounded  witli  the  group  of  compIiiJ'''i  1 
glaucouias  ju^t  referred  to.  I 

"Wlielher  or  not  glaucoma  along  with  senile  c^tanici  » »"    ■ 
be  looked  upon  as  a  secondary  glaucoma,  or  as  an  indepeutifail    I 
coincidence  of  the  two  diseases,  there  can  be  little  doubt  tJiri    I 
glaurrmia  in  a  highly  myojnc  eye  is,  proj>erly  speaking,  ^*'' 
inosiinicli  as  the  choroidal  changes  which  lead  to  the  el'-u. 
of   the  globe  probably  interfere  at   the  same  time  with  ibif      1 
circulation  in  that  nieinbrant',  and  lead  to  a  glaucomatous  cft»' 
plication.     From  a  clinical  point  of  view,  it  is  better  lo  Iwt 
upon  the  form  as  a  complicated  glaucoma.    The  tension  is  ru^     , 
very  higli,  tlmugh  above,  normal ;    the  field  of  vision  becflUiB 
restricted  in  a  manner  more  or  less  characteristic  of  gUuoiBa. 
and  the  papilla  is  excavated.    It  is  the  excavation  of  the  papiU^ 
as  well  as  sonu4imes  the  unusual  amount  of  pain  compkuieilA 
which  should  lead  one  to  suspect  this  ftiniplication.    The  exciiTi- 
tion  is  never  so  deep  as  in  other  fonns  of  glaucoma,  but  ii  »> 
uninistuktLl)le  whenever  it  is  seen  to  reach  out  to  the  vaaxp^ 
of  the  papilla.     In  these  cases  there  is  always  a  very  inaiW 
and  ofteu  excessive  degree  of  choroidal  atrophy  surrounding  the 
pHitilla,  and  it  is  genemlly  supposed  to  be  owing  to  the  comjMrs- 
tivL^  want  of  resistance  in  the  siuToujuling  parts  that  iho  rieW- 
ing  of  the  hiniina  tuibrosa  does  not  assert  itself  to  the  ainf 
extent  as  woidd  <»thfrwise  l»e  the  case. 

Pntg^junm. — Thi'  pmgnosis  in  glaucoma,  in  whatever  furw 
the  disease  may  present  itself,  is  always   bad  whenever  llw 
glaucoma  is  confirmed,  i.e.  when  it  has  begun  to  prothic**  »^ 
impainuent  of  vision.     The  pi*emonit6ry  stage  may  exist  fur*- 
long  time,  and  may  even  never  lead  to  confirmed  glaucoxnn.    1*- 
is  rure,  if  indtH^d  it  ever  happens,  that  the  dise-ase  lieeomes  spoO~ 
taiieously  aircstcd,  so  that,  for  practical  purposes,  wt^  must  c9^' 
aider  that  glaucoma  left  to  take  its  own  course  invariably  lea*** 
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U»  total  destruction  of  \ision.  Tlie  time  tnken  to  this  work  of 
destruction  varies  within  enonuoitsly  wide  limits, — from  a  few 
unnutos  to  many  years, 

When  ail  operation  is  performed,  the  prognosis  may  be  said 
lo  (Itfpend  on  tlie  sUige  of  the  disease  at  which  it  is  uuder- 
takei),  on   the   nature   of    the   operation,   on   the   manner   in 

hi<'h  the  (»j*eration  has  been  performed,  and  the  way  in 
Which  healing  has  taken  place.  Not  a  little  ilepends,  too, 
on  the  form  of  rlisease  trealeii,  and  the  presence  or  absence 
of  eomplicAtioiis. 

The  tmitnu-iU  of  glaucoma  should  ditVer  aceordiug  tC)   the 
suig»  of   the  disease.       Where    only   occasional   premonitory 
symptoms  are  present,  and  visitm  is  tliereforc  good  dining  the 
inten-als,  tliere  may  be  a  rehictance  on  the  part  of  thu  patient 
lo  undergo  an  operation.     Tlie  local  application  of  eserine  may 
tlieii  Iw  adopted.     A  half  i>er  cent,  solution  dropped  into  tlie 
cinijunctival  stic  speedily  cuts  short  these  attacks.     At  the  same 
lime  attention  sliould  be  directed  to  the  general  health,  and  if 
thn  he-art's  action  l»e  weak,  iron  and  digitalis  prescril>ed.      A 
pnipei-ly  performed  iridecUimy  at  tills  stage  not  only  eheeks  the 
I>rcmonitory  attacks,  but  almost  certainly  pre\-ent8  the  progress 
of  ihe  disease  alto^etiier.     There  shouUl,  therefore,  Ihj  no  hesita- 
tion in  proposing  an  iridectomy  even  at  the  early  stage,  and  all 
the   more   urgently  if    the   s}Tnptomfl    freiiuently  make  their 
pi>eamnce,  as  it  is  inipossilile  to  say  how  mucli  damage  may 
done,  and  done  irretrievably,  as  soon  us  the  disease  becomes 
confirmed     Umjuestionably,  however,  as  soou  as  the  glaucoma 
lias  be^niu  to  interfere  |:>ermaucutly  with  the  function  of  the  eye 
an  iridectomy  should  l»e  {»erformcd.     The  method  of  performing 
this  operation,  and  the  special  precautious  to  be  taken  in  the  case 
of  glaucoma,  are  given  in  Chapter  XVIII.     Iridectomy  is  the 
only  cure  for  glaucoma,  and  is  the  more  likely  to  be  successful 
the   more   the  iris  tissue  has  retained  its  normal  characU;r. 
Wlien  atrophic  changes  have  begun,  much  depends  upon  their 
extent,  whether  removal  of  a  portion  of  iris  will  lie  sulhcieut  or 
not  to  permanently  arrest  the  glaucoma.     It  may  be  taken  as 

rule  that  the  further  advanced  the  process,  the  larger  should 
the  j»ortion  of  iris  removed.  In  all  cases  the  iris  should 
lie  cut  as  peripherally  as  possible,  but  should  not  Ihj  detachetl 
from  its  ciliary  attachment.     Great  care  should  be  taken  to  pre- 
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vent  any  portion  of  the  iris  becoming  entangled  in  llw  votoU 
This,  which  is  called  encleisis  of  the  iris,  ia  very  apt  to  intafilS 
with  the  eftect  of  the  o^ieration.  as  the  iris  U  not  odIt  <ii*M| 
u|KH3,  l>ut  prevents  the  (irni  cloRe  liealing  of  tlie  extenial  iMttWl 
which  should  he  aimed  at.  I 

The  first  effect  of  an  iridectomy  for  glaucoma  is  genenllyUi  I 
reduce  the  tension  of  the  eye.     Where  it  does  not  do  •■    -i 
projjnosis  is  mostly,  though  by  no  meaus  always.  unfa\'  i'  ■ 
The  reduction  of  the  tension  very  soon  relieves  the  pain  whicii  j 
may  have  existed.     In  acute  cases,  where  the  cornea  lu*-  l"«i 
very  hazy,  the  rapid  disup[>earance  of  the  irdema,  to  wliicli  tk    | 
haziness  is  due  admits  of  considenihle  impnivement  of  viswa.   | 
though  this  n)ay  he  marred  by  blood  ellused  from  the  cut     "^ 
of  the  iris.    Bleeding  from  tlieirisia  not  uncommon,  and  i. 
place  at  the  time  of  the  operation,  or  several  days  afterwari*. 

In  acute  cases  there  may  be  added  to  the  improvement  uf  moc 
due  to  the  clearing  of  the  cornea,  a  further  improvement  which 
results  from  the  circulation  in  the  uveal  tract  assumiiig  « i&on 
noniml  character.  Two  or  three  weeks,  or  even  longer, genenlly 
elapse  before  the  restoration  of  vision  has  reached  the  full*miunftt 
possible.  In  subacute  and  chronic  cases  the  same  amount  ol 
impi'ovemeut  of  vision  is  not  to  be  expected,  and  the  uperatioo 
will  Imve  served  its  purpose  if  the  vision  existing  at  the  uuirof 
its  performance  is  retained.  Often,  indeed,  in  the  case  of  siMpl^ 
ghiucoma,  iridectomy,  although  arresting  the  progress  of  tbt 
disease,  lea<ls  immecUately  to  some  deterioration  of  •vision,  an'' 
this  is  more  especially  evident  in  tlie  j>eripheral  vision,  the  field 
of  vision  being  not  infruquently  found  to  be  narrower  after  thia 
immediately  before  operitliun.  It  is  well  to  remember  this.Mtl 
snnietinies  liappens  that  in  cases  where  the  nasal  portion  of  the 
field  is  restriete<l  to  nearly  the  point  of  fixation,  ibal  poini 
Incomes  itself  iududed  in  the  blinded  area  by  the  slight  incn»«< 
in  the  restriction  following  the  operation,  and  the  vision  thereby 
rendereil  all  ut  once  very  much  worse.  In  more  acute  cases  of 
glaucoma,  the  previous  use  of  a  myotic  not  only  facilitates  ilw 
perfcuniance  of  the  iridectomy,  but  renders  the  accidents  which 
may  occur  on  the  sudden  reduction  of  the  tension  less  \m\^ 
It  is  well,  too,  in  operating  for  acute  glaucoma  in  one  eye.  wM 
the  other  has  so  far  exiubited  no  signs  of  the  disease,  to  foUo*^ 
the  advice  given  by  Arh,  and  keep  the  sound  one  under  tiw 
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indnenoe  of  a  myotic,  as  the  mental  anxiety  of  Laving  to  submit 
an  openition  has  not  infrequently  been  obsen'ed  to  intluce  nn 
of  gluiiconiii  in  the  hitherto  sound  one.  Arit  did  nut 
t  with  this  unfortunate  conipliaition  after  adopting  the 
atinent  of  using  eserine  for  the  sound  eye. 
Where  >^Iaucoma  exists  along  with  cataract,  it  is  compara- 
tively seldom  that  it  is  of  any  use  to  extract  the  lens,  as  vision 
generally  been  already  lost.  Where,  however,  an  extrnction 
indicated,  it  is  probably  best  to  perform  iridectomy  some 
weeks  previously.  In  the  true  ha^morrhagic  glaucoma,  iridectomy 
lost  certainly  leads  to  further  lutmorrhage  and  rapid  destruc- 
u  of  vision.  In  such  cases,  therefore,  the  operation  is  on  the 
whole  contra-indicated. 

In  some  of  the  cases  of  simple  ;:^laucoma  in  which  the  tensiuu 
not  rliminished  immediately  after  the  operation,  but  the  eye 
ains  stone  hard,  a  rapid  loss  of  sight  takes  place.  To  these 
the  name  of  mMfpiant  glauaunn  lias  l»een  given.  Some- 
time cause  of  this  is  a  subretinal  htemorrhage.  Usually, 
however,  there  is  a  forward  displacement  of  the  lens  leading  to 
blocking  of  the  channels  for  the  escape  of  fluids  at  the  angle 
the  anterior  chamlier.  In  these  cases  the  proper  treatment 
is  to  extract  the  lens. 

Even  when  iridectomy  fails  to  arrest  the  progress  of  tlie 
dness,  it  generally  protects  the  eye  against  the  occurrence 
or  recurrence  of  a  congestive  attack  of  glaucoma.  Iridectom}'' 
is  not  only  capable  of  rc»dueing  tension,  but  of  regulating  it  to 
u  certain  extent,  so  that,  when  performed  for  cases  of  chronic 
irido-cyclitis,  in  which  diminution  of  tension  has  taken  place, 
it  often  leads  t-o  a  more  normal  tension ;  therefore  instead  of 
reducing,  it  actually  inci-eases  the  hardness  of  the  eye.  What- 
ever be  the  nature,  then,  of  the  curative  action  of  iridectomy  in 
glaucoma,  it  is  certain  that  it  does  Uiore  than  merely  reduce 
tension.  In  some  way  or  other  it  also  induces  a  more  normal 
dition  of  the  circulation  in  the  uveal  tract.  The  manner  in 
'hich  this  is  supposed  to  be  effected  is  discussed  under  the 
etiology  of  glaucoma. 

Iridectomy  as  a  cure  for  glaucoma  was  introduced  by  von  Oraefe 
in  1867.  He  was  led  to  the  discovery  purely  empirically,  but  at  tho 
■une  time  as  the  result  of  great  clinical  experience  and  extraartlinary 
iatight,  and  thus  conferred  one  of  the  greatest  blessings  on  humanity^ 


ten; 
P^Trhi 


382 


GLAUCOMA. 


and  Hiad«  the  greatest  advance  in  oplithaltnic  surgery  of  modem  timra. 
Attempts  Lave  been  made  lately  to  detract  frtrni  the  lucrita  of  von 
(iraefe  in  this  connection.  Tlie  injUBtice  of  such  ulU'DipU  will  be 
upiMircnt  to  any  who  han  rejwl  the  litemlure  of  tlie  suhjeet  of  tlwt  time, 
and  especially  the  writings  of  von  Graefe  himself  in  the  yvmx%  lfi.S5, 
18.36,  and  1857. 

The  statiHtios  of  Horner  (as  given  by  Sulzi^r)  from  Im.-!  lo 
1881  are  aa  follows: — They  are  based  upon  103  iridectomit'si  (*»r 
simple  glaiicunia,  und  149  for  iiiHauimator}*  glaurornn. 


Infl.  (lUucoiua. 

Simple  nUiiooSBk. 

Improved, 
Ab  iHjfure  o|H;ralion, 
Partly  retaineil, 
^'ot  imj»roved,  and  ulti- 
Uifttely  lost,  , 

72*5  per  cent. 
11-5        „ 
10-0        „ 

60        .. 

22-3  piT  cent 
370        .. 
23-0        „ 

17-7        „ 

On  the  suppoaiticfn  lliat  iridectomy  merely  acts  afi  n  reducer  nf  tension, 
and  thus  cure»  glaucoma,  another  operation  has  of  lat«  yean  bcvii 
substitutwl  for  it,  vi?-.,  sclenjtomy.  The  different  method*  of  |ierfonn 
ing  this  operation  are  described  in  Clutpter  XVIII.  There  i>  not  thr 
aliji^htcat  d(iul>t  that  the  etficacy  of  Bt-lewloniy  is  ^Toatly  \\-ss.  than  that 
of  iridectomy.  In  most  crises  it  is  of  no  use  at  all,  but  it  do*-4i  ap|>ear 
to  he  occasionally  capable  of  ariesting  the  dispjiso. 

There  are  some  cases  in  which  sclerotomy  may  with  adrantnc* 
take  the  place  of  iriileotomy.     Ciise*  of  hiemorrhagic  ^laii  r 

instance,  seem  to  bo  less  liable  to  go  wrong  if  treated  liy  ?;i 
instead  of  iridectomy ;  and  in  all  ca8e«  where  iridectomy  ha« 
followed  by  bad  results  in  the  first  eye,  which  cannot  >>c  awril 
any  fault  in  the  openition,  it  is  well  to  resort  t^^i  sclerotomy  in 
second.    It  ia  a  question,  too,  whether,  iu  the  worst  of  »uch  caaes  at  leftst^] 
sclerotomy  is  not  the  more  prcfenilile  operation  in  myopia  cumphcut«d1 
with  glaucoma,  in  wliich  the  prognosis  Ls  in  any  case  mther  hof>olc<ia. 

l*lher  opemtive  measures  in  use  for  tin*  treatment  of  gUtjcomA 
are: — Paracent+^sis  of  the  auteriur  chaml)er ;  division  of  the  ciliary 
muscle,  or  cyclotomy ;  and  trephining  of  the  sclera.  Paracenteaift 
ftometimee  rethicci^  the  tension,  and  is  resorted  to  as  a  prvjwni*; 
tion  for  iridectomy;  and  in  cases  where  the  cornea  is  haiy  it  i«i 
followed  by  a  certain  amount  of  improvement  of  vision.  By  somn  it 
is  j>retty  extA-nsively  used,  not  only  as  a  preliminary  ojkemlion,  but  at 
a  means  of  promoting  the  efficiency  of  iridectomy  by  keeping  down, 
as  thoy  believe,  any  tendency  to  increased  tension  during  tne  time  th#' 
healing  is  taking  place.  C'yclotonky  is  rarely  prnctieed.  It  '•\»  ca}.iiabl« 
of  reducing  tension,  but  is  by  no  means  a  sjife  [>peratioa  The  o[»era- 
tion  of  tn^phining  the  sclera  has  Wen  i\ilviX'ute<i  by  Ajxyll  liolierLMtaj 
as  a  last  re^source  in  cnpes  in  whirli  iridecl^jmy  fails  to  rtslucr  It-nwott, 
at  all.  Notwithstanding  th*'  risky  lutture  of  the  u|>eration  tlie  result 
have  Ix^en  encouraging  in  suitable  coses. 
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EiroLOOV  or  Glaucoua. — Although  the  ditferent  forma  of  glaucoma 

grouiK?fl  logvthcr  iia  one  dis<;a3e,  it  si^ema  hanily  probtiblo  tlmt  the 

liu  etvmptoiuft  whicli  ihey  present  hi  common,  viz.,  incit'dsod  intra- 

;ui«r  Ivtiyioii  and  u  more  or  less  graduul  deterioration  in  the  fmictions 

Ihi*  rctinii,  are  in  all  cases  the  expression  of  one  nud  the  same 

^i«thologieul  process. 

The  glaucomatous  eye  retains  the  increased  hanlnewt  which  it  may 
li.ive  had  fur  sonio  time  after  excision,  so  that  there  cannot  he  any 
dduht  tlmt  the  increasecl  tension  is  the  result  of  an  actual  ahnonmd 
fluid  over  distention  of  il«  cnaUs.  This  Ix^ing  the  casc^  the  question 
for  iiolution  is — la  the  increased  distension  due  to  inereaded  exudation 
of  fluid  into  the  eye,  or  to  an  impeded  outflow  of  a  norma]  amount  of 
exudation,  or  to  both,  or  in  some  cases  to  one  or  other  alone  ?  A 
ktisfactorr  answer  to  this  qtiestion  must  also  account  for  the  relative 
Turity  of  the  du»e4UM?  in  individuals  under  a  certain  age. 

(.>ne  of  the  great  difficulties  experienced  in  coniipction  with  the 
1  '  '  d  auulotny  of  glaucoma  is  to  deterruine  what  clianges  are 
;  1 1  what  pooonditry,  as  the  great  masa  of  materia!  which  can 

U;  utiiificd  in  this  way  consists  of  eyes  enucleate*!  in  a  late  stage  of 
the  distrn^e,  when  more  or  less  atrophic  changes  have  taken  place. 
And  when  one  takes  into  consideration  the  long-coi:tiiiued  existence 
of  Tftjicular  changes  in  the  eye,  it  is  not  stningc  that  all  parts  of  it 
•bool^l  have  been  found  to  exhibit  jiathological  appearances,  to  some 
oDi*  or  other  of  whicli  primary   inij.Hirtimce    hiw    been  atlaclied  by 
'iifleront  investigators.     Knics,  for  instimce,  fuunil,  as  had  long  before 
been  found  hy  U.  Aluller  (who^  however,  did  not  attach  any  import- 
ance* to  it),  that  an  obliteration  of  the  space  of  Fontana,  at  the  angle 
tbo  anterior  chamber,  was  constaiitly  ]irefient  in  all  cases  of  glaucoma 
f)dch  he  examined.     He  found  the  whole  surrounding  of  Schlemm's 
'Oaiial  iuhllrated  with  cells  in  fresh  cases,  whereas  in  old  ones  a  cicatri- 
cial contnw-tion  of  this  inflatnmatt.ry  exudation  had  taken  place  con- 
cvntricaily    towards   that  channel   for  the  escape   of  fluid  from  the 
chamhtT.     It  was  noticed,  further,  that  whilst  in  chroiiic  cases  the 
inlUinmalori,'   chiinges   wei-e  limited  to  this   area,   in  acute  cases  the 
oiliAry   V»ody,  iris,  and  subconjunctival   tissue  partici|)atcd  m  tliem. 
•  rding  to  Kniee,  it  is  not  extnumlinary  that  a  situation  so  func- 
.j  .i,illy  active  as  the  space  of  Kontann  should  be  subject  to  an  indo- 
'ail«nt  inflammation,  and  further,  he  holds  that  it«  obliteration  must 
inly  lead  to  an  increase  in  the  intraocular  tension.     C)u  the 
iption  that  such  changes  are  the  cause  of  glaucoma,  he  believes 
cui  explain  in  this  way  the  opacity  and  anaesthesia  of  the  cornea, 
le  iridtt-plegia,  api»arent  shallowinjx  of  the  anterior  chamber,   the 
pwoeis  of  accommoilation,  and  the  enlargement  of  the  cpisclei-al  veins, 
vldch  characterise  the  glaucomatous  state.     He  even  goes  so  far  as  to 
anert   tlwt  the  const;incy  of  the  last  symptom,  compared  with  the 
itn?fm*t,*incy  of  the  others  in  diflcrent  cases,  is  a  point  of  the  utmost 
•  in  support  of  hb  views  on  the  nature  of  glaucoma.     While 
s  tliat  it  is  open  U>  di-Hcussion  whether  or  not  the  primary 
inflammation  of  the  ricinity  of  Schlemm's  canal  is  to  be  looked  upon 
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85  the  sole  cause  of  glRUcomaj  he  maintiiins  that  it  U  of  fbudamenta! 
importance  in  the  production  of  mfuiy  of  the  symptoms,  and  inu«t  be 
looked  upon  ua  the  most  im]>ortant  pathological  chtrngo  ailer  the 
excavation  of  the  optic  nerve. 

This  ccrtninJy  very  sigiiifioant  discovery  was  not  long  in  bein;* 
shown  to  he  inapplicable  o^  an  explanation  for  all  cases  of  glnnmma. 
Both  lirailey  and  Pagenatecher,  for  instance,  found  that  there  wen* 
cases  of  glaucoma  in  which  no  obHt<»ration  of  the  space  of  Kontan* 
exists.  Other  conditions  than  glaucoma  have  1)een  found,  too,  tn  be 
oesociateti  with  obliteration  in  this  situation.  The  natural  inferenc-e  i» 
of  course  that  the  appearances  descrilxid  by  Knica,  wlien  they  do  vxij^t, 
are  secon4lary  appearancea,  and  not  the  primary  cause  of  the  glancoma, 
and  in  fact  it  has  been  pretty  well  shown  that  adhesion  of  the  peri- 
pheral portion  of  the  iris  to  the  cornea  occurs  frequently  when*,  for 
some  cause  or  other,  the  two  surfaces  are  brought  into  contact  for  any 
length  of  time.  At  the  same  time,  although  this  condition  is  frvqaently 
associated  with  glaucomatous  symptoms,  there  is  no  necess&iy  connec- 
tion between  the  two. 

In  tlie  belief  that  the  fluids  of  the  eye  mainly  escape  by  the  known 
anterior  lymph  cliannela,  Priestley  Smith  has  ptit  forward  an  hypothesis 
to  account  for  increased  tension.  It  is  evident  that  if  there  be  no 
primary  blocking  of  the  space  of  Fontuna  and  Schlemm*8  caiml,  utd 
yet  these  channels  afford  the  only  means  of  escaj^e  for  fluids  from  the 
eye,  the  advance  of  the  iris  and  lens  would  oidy  be  likely  to  take 
place  if  some  impediment  existed  somewhcTe  to  the  passage  forwatds 
of  fluids  from  the  vitreous.  Priestley  Smith  considers  that  such  an 
impediment  is  oflerod  by  the  more  or  less  complete  obliteration  of  the 
circundental  space  wliich  separates  the  margin  of  the  lens  from  the 
ciliary  processes.  A  prolonged  investigation  has  led  him  to  th« 
interesting  discovery  that  this  space  gradually  diminishes  in  size  u 
age  advances^  owing  to  the  constant  increase  which  takes  plaoe 
throughout  life  in  the  sife  of  the  lens :  so  that  in  a<lvanced  life  any 
little  swelling  of  the  ciliary  processes  would  obliterate  it  completely. 
According  to  Priestley  Smith,  then,  the  order  of  occurrences  is,  first, 
the  choking  of  the  circunilentid  space  by  a  hy^ienemic  swelling  of  the 
ciliary  processes,  then,  the  channid  of  roramunicAtion  between  the  two 
chambers  being  obliterated,  fluid  begins  to  sccumulate  in  the  vitreous, 
and  tile  lens  and  iris,  more  especially  the  latter,  are  pusheil  furwartl, 
the  angle  of  the  anterior  chamber  thus  blocked,  and  a  vicious  circle 
established,  by  which  more  or  less  rapid  increase  of  intraocular  tension 
ia  not  only  proiluced  but  maintained,  with  all  the  accompanying 
symptoms  of  the  glaucomatous  statti.  Much  the  same  ex]>lanation  luia 
also  been  given  by  Weber,  who  claims  to  have  producer!  a  condition 
in  rabbits  resembling,  both  clinically  and  anatomically,  glaaconu 
simplex,  by  injecting  oil  into  the  anterior  chamber.  Priestley  Smith, 
therefore,  with  others  who  do  not  admit  the  existence,  as  a  rule  at  all 
events,  of  primary  inflammatory  changes  at  the  angle  of  the  anterior 
chamber,  look  upon  the  blocking  of  this  important  region  of  the  eye  u 
eeoondaty  and  produced  by  compression,  though  tliey  maintain  that 
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this  blocking  takes  place  are  the  conditions  fulfilled  which 

}e  in  the  tension  of  the  eye. 

I*riftstlcy  Smith's  explanation  accords  better  with  clinical  facts  in 

bing  the  primary  canse  to  venous  stasis  in,  and  consei|uent  swol- 

of»   the  ciliary  processes.      The   intermittent   charat-ttT  of    the 

aOMMd   pressure  in  so  many  cases  is  of  itself  more  suggestive  of 

K^tre  exudation  tluin  of  accumulation  of  fluids  in  the  eye  due  to 

iatfirference  with  their  eacape.     The  question  natunilly  arises,  what 

I   eritlcQce  have  we  of  any  circulatory  diaturlxincc  in  glaucoma  such  a* 

HMld  lead  to  an  increased  secretion  of  intraocular  Huida?     It  must  be 

BBtoitted  that  there  is  no  yexy  conclusive  evidence  from  an  anatomical 

point  of  view.      As  has  already  been   remarked,  however,  changes 

found  in  glaucomatoua  eyes  can  rarely  with  any  certainty  be  looked 

upon  aa  primary,  and  in  some  way  connected  witli  the  outbreak  of  the 

symptoms  of  the  glaucoma,  and  not  rather  secondary,  or  resulting  from 

tiie   prolonged   inflammatory  or  atrophic   changes   met  with    in  the 

^|i90s»e.     But  if  direct  anatomical  evidence  is  difficult  to  obtain,  there 

Bw  many  cliaicol  reasons  for  assuming  that  a  stasis  takcB  place  in  the 

circulation  within  the  eye.     Thus  the  greater  tendency  to  the  disease 

the  older  the  individual,  its  occurrence  along  with  evidences  of  athero- 

lB*tOQ8  degenerations  elsewhere,  and  the  tendency  that  there  is  for  an 

oatbreftk  to  take  place  after  debUitutiug  discuaea,  mcntid  depression, 

and  other  circumstances  giving  rise  to  a  slowing  of  the  heart's  action, 

are  oil  suggestive  of  this.     iSo  also  are  the  action  of  iridectomy  and  the 

•abiequent  atrophic  changes  seen  in  the  iris.     The  fact  that  the  im- 

pffovetoent  following  an  iridectomy  Is  only  grailual,  points  to  the  cause 

of  the  improvement  being  the  gradual  return  to  more  normal  condi- 

tioow  of  circulation,  while  the  cedema  and  the  injection  of  Uie  e.xtemal 

vcnels  in  the  acute  cases,   and   the  permanent  distension   of  these 

TBttels  sometimes  met  witli  in  chronic  cases,  although  they  conclusively 

•how  that  there  is  an  interference  in  the  intraocular  circulation,  do  not 

of  course  prove  that  such  has  been  the  primary  cause  of  the  symptoms. 

The  great  variations  in  the  severity  of  the  disease,  as  well  as  the 

occuirence  of  an  onst-t  of  glaucoma  in  some  individuals  from  contlitiona 

which  in  others  would  have  no  similar  result,  show  that  there  are  two 

elemcnta  in  the  production  of  the  circulatory  changes.     The  one  ele- 

BWDt  is  no  doubt  a  pathological  one  of  some  kind,  and  when  alone 

ictive  may  accoimt  for  the  cases  of  glaucoma  simplex.     The  other, 

which  can  only  be  of  great  moment  when  occurring  in  eyes  in  which 

the  first  is  present,  must  be  looked  upon  as  vasomotor;  at  all  invents 

&U  the  so-called  exciting  causfs  of  the  disease  point  to  this,  while  the 

fixact  nature  of  the  temporary  changes  produced  i^siM  only  bi»  a  matter 

of  I  '    :'-.     In  the  most  violent  attacks  the  second  element,  or  the 

Ti-;  -.  may  be  suppcwe<l  to  pre<lomimite. 

iheie  are  reasonable  grounds  for  Itelieving,  then,  that  the  external 
^tpeamncea  of  the  glaucomatous  condition,  as  well  as  the  increasd 
intraocular  tension,  are  due  to  circulatory  changes  in  the  eye.  although 
the  exact  naturu  of  such  changes,  or  of  all  the  factors  which  in  every  case 
give  rise  to  such  changes,  is  not  yet  known.  In  how  far  circulatorv 
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changes  are  to  be  held  responsible  for  the  accompanying  vunal       

unco  ia  another  iiuestion.     It  is  j^eucmlly  aiipix»sod  that  in  »ome  way  or 
other  the  increased  tension  leads  to  the  destruction  *>f  vision,  and, 
already  Iwen  said,  ditl'erent  views  are  eiitertjiined  a.s  to  wliethex  thi 
pressure  on  the  nerve,  on  the  retina,  or  on  tlie  vessels  from  whi 
retina  derives  its  nourishineut.     Any  of  these  views,  however, 
t<i  lie  insufficient  to  acxount  for  the  cases  in  which  vision  ia 
and  pemianeutly  lost,  and  also  for  cases  iu  wliich  well-ilctined  wr^U*- 
mata  are  met  with  in  ditferent  parts  of  the  field  of  vision.     For  sncU 
cases  there  must  be  some  otlier  explanation,  ami  it  ap|i«?ar«  not  ui 
likel)'  that,  jnst  uf;  with  the  conditions  j^vin^'  rise  to  stafiiii  in  t 
anterior  section  of  the  eye,  wo  must  assume  that  there  i*  a  permune 
as  woli  as  a  trausit*:iry  cleinent  in  the  process  wliich  leads  to  ihr  1 
of  the  functions  of  the  retiua.     The  element  which  i»  rnnr*'  or  loss 
permanent  may  bo  the  pressure  element,  or  the  existent^  of  ili.-t.efuirtl 
conditions  which  cause  the  ner\*e  to  yield,  a*  it  were,  to  prrvwure. 
Possibly,  indeed,  some  changes  Uike  pUce  in  the  retinal  arteries  which 
indei^miently  lead  to  hlindness.     Brailey  has,  for  itwtance,  flemrril^d 
a  thickenin*;  mul  hyaline  de<j:eneration  uf  their  wulls  in  glaucoma,  and 
the  fact  that  hiemorrha^es  often  take  place  from  the  retinal   ve-^*ils 
immediately  after  iridectomy  is  suggestive  in  this  respect.     As  l<>  the 
more  transitory  clement  in  the  loss  of  vision,  Schnaliel  maki^  the  rvty 
suggestive  assumption  that  it  is  due  to  a  spasmtHlic  contraction  of  t' 
retinal  arteries.    As  glaucomatous  attacks  come  on  under  circumfftaiii 
which  render  vasomot<.)r  change*  very  likely,  it  ci'rtaiidy  canao( 
said  To  )>e  altogether  inconsistent  with  clinical  ex[M<rience  to 
such  a  ciinstriction  of  the  arteries  of  the  retina,  as  well  as  th(i«e 
iris  and  ciliary  Iwdy.     It  is  unlikely  that  the  nstinol  function* 
lost  from  pressure  jilone.  as  the  oidy  way  iu  which  this  could  well 
possible  would   be  for  tlie  pressure  to  pnxluce  an  almetst  complete 
stopjwige  in  the  oin*ulfttion  ;  while,  if  this  is  really  what  happ«*na,  it 
caunut  be  a  dilfused  pressure  all  over  the  retimi  whicli  would  caniM* 
narrowing  of  both  arteries  and  veini^,  but  n  pressure  which  act^  tnainly 
on  the  vessels  as  they  enter  the  retina  from  the  nerve,  causing  dimin 
tion  in  the  size  of  the  arteries,  and  more  or  less  engorgotnenl  of  tl: 
veins,  corresponding  to  the  appearance  actually  met  with  in  gUacom 
Tlu*  possihijity  of  interference  in  tlie  circulation  taking  plat  ■ 
in  this  way  would  depend  either  upon  whether  a  ceilain 
pressure  would  be  more  eii'ectual  in  compressuig  the  vessel-   in 
nerve  thtui  elsewhere,  or  whether  ther»>  really  existed  a  greater  d 
of   pttissure  in  this  particular  direction, —neither  of  which  con 
there  are  any  reasons  to  assiune  actually  exist.     Although  the 
tures  against  which  the  vessels  woidd  be  compressed  arct  pn:>lHib|y 
more  reaisUmt  in  the  nerve  than  in  the  n^tina,  t)»e  same  degre* 
pressure  might  cause  greater  interference  with  the  circulation  when 
oxerte<l  on  ]:ioint8  where  sudden  bends  take  place  in  tlie  veaseUi  aa 
happens  where  they  pass  into  the  retina. 

One  of  the  great  difficulties,  which  it  cannot  be  said  baa  yet 


ETIOLOGY  OF  GLAUCOMA. 


387 


rtoemd  a  fiatisfact<*rye.v|)kiiation,is  to  account  for  the  curative 

nftif'ii  of  iriilt'ct4iiHy  in  glnuconia.     The  facts  are  fis  follows : — 

Tlit^  uj»erati(»u  is  more  eflicient  wlien  |>erfonneil  at  a  tinio  when 

the  iris  tissue  has  not  uudwgone  any  nmrked  atrophic  changes. 

It  is  also  more  efficient  if  it  be  followed  by  a  normal  healing 

pioceas — that  is  to  8ay,  if  the  resulting;  t-icutrix  is  Hat  tind  almost 

invisible*  and  does  not  in  any  way  bulge  or  entangle  iris  tissue 

At  ltJ«  corneri*.     Apparently  also  the  more  peripheral  the  seetitui 

of  tiM?  iris  can   In*  matle.  the  hotter  is  the  etieet,  tliough  any 

t«suing  of  it  from  its  attachment  to  the  ciHary  body  is  less 

hkely  to  lead   to  a  giMMl  i*psidt.     Iridectomy,  while  capable  of 

arresting  both  the  acute   and  chronic  forms  of  glaucoma,  is 

gT*nentlly  fiupiM>sed  to  be  more  eifectual  in  tlie.  former.     This 

may,  however,  possibly  dej>end  upon  its  lieing  performed,  as  a 

rule,  in  an  earlier  stage  relatively,  where  the  symptoms  are  acute. 

TIi«  action  of  iridectomy  in  glaucoma  api)ears  to  be  intimately 

c<innecte<l  with,  but  not  actually  dependent  upon,  the  inlluence 

which  it  has  in  jiermjinently  reducing  Llie  abnormal  degree  of 

intraocular  tension.     Another  curious  point  in  connection  with 

the  operation  is  that  it  appears,  as  von  (Iracfe  first  p<jiiUed  out. 

to  be  capable  of  causing  a  return  to  a  normal  Htate  of  tension  in 

of  chronic  irido-eyelitis  which  have   ie<l  to  diminished 

tension.     All  that  can  be  said,  then,  is  that  in  some  way  or 

other,  and  by  rea'jon  proUibly  «(f  the  clianges  which  the  excision 

of  a  portion  of  iris  produce  in  the  circulation  in  the  iris,  the 

operntion  of  iridetitomy  is  ttajwble  of  efi'eeting  an  improvement 

in  the  conditions  of  circulation  of  the  ciliary  body  and  anterior 

portion  of  the  choroid. 

Glaucoma  derives  its  muao  from  a  symptom  which  is  neither  con- 
stant uorentirfly  patLoj^nomonic — viz..  ft  j^roenisli  {yAai'orti?)  reHccMoii 
frum  the  ImnsjxiK'nt  mwlia  of  tlie  eye.  This  HpiKMimnce  wiia  kiiriwn 
to  Hipj>ocmte*,  tliough  he  dt>ea  not  ui>peiir  to  have  recoj^uiwrd  it  iis 
JMociaUnI  with  any  distinct  form  of  illsea.se.  Aluny  of  the  older 
writers  evidently  confounded  yhiucuma  with  cataract,  or  at  all  event:* 
■conaidaped  the  lnn.i  to  be  the  jiart  of  the  eye  affected.  Hrisseau,  in  the 
bi>}nunin^  of  lost  century,  denionstrntcd  by  jx>gf-inuiiinH  examiniition 
that  Uiifl  was  not  the  case,  and  declared  glaucoma  to  be  due  to  dit^cfLse 
or  turbidity  of  the  nttvuxw  humour.  This  view  waa  not  g^nendly 
*Ioptefl  tmtil  it  w^ia  revived  a  century  later  by  Beer,  the  weight  of 
authority  )>n»Uf»ht  it  into  prominence.     liecr  also  p(^»inted  out 

arthritic  natun^  of  the  discaije. 

MftdMnilti  beems  to  have  been  the  Hret  to  have  recognised  the 
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importance  with  regard  to  vision  of  the  increased  hardness  of  the 
globe  which  is  met  with  in  glaucoma,  and  to  attempt  systematicallT 
some  means  of  diminishing  this  intraocular  tension.  The  method 
adopted  by  Mackenzie,  viz.,  paracentesis  of  the  sclera,  did  not  lead  to 
any  encouraging  results,  and  was  consequently  abandoned  by  him. 
This  circumstance  led  him  to  attach  less  importance  to  the  incratwl 
tension  than  he  had  at  first  done,  so  that  it  was  not  imtil  after  the  in- 
vention of  the  ophthalmoscope,  and  when  by  its  aid  more  light  tw 
thrown  on  the  intraocular  changes  occurring  in  glaucoma,  ihit 
Mackenzie's  views  were,  so  to  speak,  confirmed  and  extended  by  ton 
Graefe,  who  also  discovered  the  means  of  curing  the  disease.  Fromi 
clinical  point  of  view,  we  owe  our  present  knowledge  of  glaucomi  to 
von  Graefe. 


CHAPTER    XII 


INTRAOCULAR   TUMOURS. 


[A  OF  THK  Choroid  and  Ciliahv  Body. — Miu'h  «tf  our 
It  knowletlge  with  reference  to  intraocular  tumours  is  of 
Tery  recent  date  It  waa  only,  inilee*!,  after  Virchuw  had  shown 
that  ft  ttiniour  is  essentially  charact-erised  by  its  histctlogical 
structun%  and  not  by  its  jjreater  «>r  less  degree  of  pigmentation, 
thai  any  useful  light  was  thrown  on  the  subject  The  combined 
effortfi  of  Yirchow  and  von  Graefe  very  soon  led  to  order  in  the 
previous  confusion  of  ideas.  In  1868  von  Graefe  added  to  the 
list  of  his  great  works  such  a  complete  clinical  history  of  intra- 
ocular tumours  that  little  remained  afterwards  to  be  done. 

Sifercoma  of  the  choroid  is  usuallv  circuuiscribed,  but  occa- 
sioo&Ilr  occurs  as  a  diffuse  infiltration  of  the  choroid.  Such 
caaes  have  been  descrilied  by  Schiess.  Hirschlierg,  and  Fuchs, 
Tlie  ordinary  circujuscribed  tumour  may  or  may  not  be  <lislinctly 
pedunculated.  It  detaches  the  retina  in  front  of  itself,  only 
nvnely  jierforating  it.  Sarcoma  (tf  the  choroid  may  be  either 
pigmented  or  not.  The  pigmented  crises  are  much  more 
common. 


Aeconling  to  the  statistics  collected  by  Fuchs,  about  nine  cases  of 
ni*'Una4»Lrcomii  occur  for  every  one  of  leuco-siircomn.  This  is  no 
(ioulit  owing  to  the  pi*esenee  of  pigment  in  the  choMid.  as  tlio  pig- 
mented form  only  occurs  whei*e  pigment  is  jjhysioIogicaUy  present.  In 
tnnnr  ca«*s  ihv  pi*;nient  is  not  found  all  over  the  tiunimr,  anil  in 
hanily  any  is  the  di-gree  of  pigmentation  equal  thi-oughout.  The  liis- 
tologiail  armngt-ment  of  the  pigment  gnmules  also  varie§  considemlily 
in  ditfcsrent  coscSt  and  these  grannlcH  niay  be  of  different  degrees  of 
fittrness.  The  coarser  they  are  the  blacker  do  they  make  the  tumour 
a[i{»car.  Tlie  pigment,  although,  as  its  chemical  reactions  show, 
Jprived  from  the  blood,  is  probtibly  directly  formed  by  proliferation 
of  ibe  uveal  pigment.  The  distinction  usually  made  between  melaiio- 
wirconia  and  leuco-sarcoma  is  a  somewhat  arbitrary  one,  as  some  really 
pijs'mented  gniwths  have  not  a  veiy  pigmented  appearance.,  and  the 
tansition  in  colour,  taking  a  whole  scries  of  cases,  is  found  to  be  a 


390 


INTRAOCULAR   TUMOURS. 


vei*)'  j^nitluaJ  one.     From  a  histolugiciil  |Kimt  of  view,  %  nrcaoii: 
nieltuiotic  whcnevi^r  it  has  given  rise  U>  proliferation  of  the  uvoJ 
inent,  however  sHght  that  proliferation  may  be,  but  i»heii  refy 
it  is  imposaiblo  lo  recognise  tliia  clinically. 

Leuco-sarcoma  occurs  mainly  in  the  anterior  pfntion  d 
choi-oid,  and  is  met  with,  on  the  whole,  at  an  earher  iige 
the  melanotic  variety.     Itound  and  s]>iudle-celled  sarcoiuiui 
the  most  common.     Many  otiier  varieties  have  l>eeu  deacnl 
which  tire,  liowever,  mainly  interesting  from  a  histologicftl 
of  view. 

Of  259  cases  of  sarcoma  met  with  by  different  obeervws,! 
records  of  which  have  been  collected  by  Fuchs.  fiixteeaorj 
j>er  cent.,  occurrctl  in  the  iris,  tweuty-two,  or  nine  per  i-ent^l 
the  ciliary  body,  and  221,  or  eiglity-five  per  cent.,  in  ti»e  t:h(i 
Of  tlie  twenty-two  occurring  in  the  ciliary  liody  twenty 
pigmented.     Of  the  choroidal  cases  196  were  pigmenl«*l. 
twenty-five  unpiginented. 

The  most   common  point   of  origin  for  sarcomau  ufl 
choroid  is  at  or  near  the  posterior  |X)le  of  tlie  eye,  a  Uttle 
outer  side  of  tlie  disc.     They  lake  their  origin  from  the  lay< 
lag  vesaele.     After  the  tumour  lias  grown  to  s  certain  bi 
the  eye,  it  |>erfoi*jite8  the  coats  and  extends  outside  of  it 
sclera  is  most  frequently  perforated  ;  sometiuies  also  the 
and  the  optic  nerve.     PeHoration  through  the  sclera  takes 
at  the  eorneo-seleral  margin  or  in  tlie  vicinity  of  the  optic 
or  sometimes  jit  otJun'  parts  where  it  is  weakened  liy  tlie 
of  vessels  through  it  into  the  eye.     Often,  owing  to  the 
ance  olfered  by  the  solera,  the  Ijand  of  connection  lietwt 
intra-  and  extra-ocular  portions  of  tlie  tumour  is  verysnudl,j 
more  and  more  of  the  sclera  is  usually  destroyed  as  the  tni 
increases  in  size,  which  it  may  do  if  left   alone  until  \\\ 
attiiined  ver}'  considerable  dimensions— as  large  as  tJie 
fist  or  even  larger.     Notwithstanding  such  an  increase  inl 
the  l.wnes  of  the  orliit  are  \-ery  rarely  affected,  though 
times  an  extension  of  the  tumour  takes  place  along  the 
nerve  to  the  l>rain. 

Tlie  lymph  glands  in  the  neighbrturhood  of  the  eye  are 
afiec'ted  in  L-ases  of  uveal  sarcoma,  which  in  this  respect 
from  Iwjth  carcinoma  and  glioma.    The  tendency  to  mela5t«« 
is  however,  very  grcnt,  so  tliat  in  all  y>rolmbility  it  is  thi 
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the  lilood  that  the  tutoour  elements  are  carried  t»i  u  distance. 

As   F«ehs   has  shown,  a   preat  deal  evidently  depends   upon 

whether  \\\  the  primary  tumour  the  conditioim  are  or  are  not 

preeent  which  fuvi»ur  the  sei^ai-ation  and  removal  hy  the  blood 

current  of    jjarticles   of    tlie  gniwth.      The  more  vascular  the 

tumour  the  thinner  and  larger  its  vessels,  and  the  softer  the 

w  tissue  the  more  likely  is  this  to  hai)peu,  and  therefore  the 

?ater  is  the  malignity  of  the  growth. 

When  the  Karw)ma  gix>ws  from  the   ciliary  body  it  grows 

into  the  posterior  or  anterior  aqueous  chaml>ers,  as  well 

skwanls  into  the  vitreous.     It  may  thus  become  visible  on 

simple  insi)ection  of  the  eye  before  it  attains  any  very  great 

size.      Often  the  extension  to  the  anterior  chamber,  wluch  takes 

place  by  perforation  through  tlic  peripheral  ^xirtion  of  the  iris, 

is  preceded  by  a  bulging  forward  of  the  iris  where  it  covers  the 

tumimr.     A  tumour  in  this  situation  occasionally  sets  up  severe 

iriilo-cyclitis,  by  which  the  diagnosis  nuiy  at  tirst  Ijc  rendered 

difSicidt.    Tumours  which  take  their  origin  farther  back  detach 

ihe  retina  in  fnmt  of  them.     At  first  the  portion  detaeht^d  lies 

immediately  over  the   tumour,  and   it   is   often   diiticult   fnau 

ophthalmoscopic  examination  alone  to  tell  whether  the  detach- 

)nt  is  simple  or  pnjduced   in   this  way.     One  iM)int,  viz.,  the 

»uc«  of  any  tremulousuess  on   the  movement  of  the  eye, 

ftWHkes  suspicion.     The  defect  of  ilie  field  of  vision  is,  as  a  rule, 

where  a  choroidal  tumour  is  the   cause,  much  more  aliarply 

defined,  and  there  ma}'  also  l>e,  when  the  site  of  the  growth  is 

fieripheral,  relatively  better  central  vision  than  is  generally  to 

J*-  found  in  simple  detachment.     The  tension  of  the  eye  is  also 

iin  imjKirtant  guide  to  t)ie  dill'erential  iliagnosLs.      It  is  most 

fn^jueutly  increased  in  the  case  of  a  tumour;  most  frequently 

diminished   when    the   detachment   is   idiopathic.      After    the 

tumour   \\\\&  existed  for  some  time  and  increased  in  size,  the 

whole    retina    gradually    becomes    detached,  and    assumes    tlie 

funnel    m*   convolvulus  shaped  fi»rm  which  is  characteristic  of 

wimplete  detachment.     Thus  further  deta*"innent  is  evidently 

the  result  of  a  serous  elusion  to  which  the  irritation   of   the 

new  ;jn»wtli   gives   rise.      AVliether   lliis   efl'usion    takea   place 

tlirectly    into    the   subix^liual   space  or   tirst    passes    into   the 

vitreouK  cliaml»er,  and  subseciuently  behind  the  retina  after  the 

dnigiinng  on  it  has  le<l  to  rupture,  has  not  l»een  clearly  matle  out 
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As  to  the  frequency  of  uveal  8aiH:oma,  I  find  that  ol  181^ 
patients  attemling  Moorfielda  Hospital^  I/>ndon,  and  the  Mju*- 
Chester  Eye  Hospital  during  four  and  five  years,  ei^'l 
recorUeil  hs  being  rases  of  this  disejise.     This  is  a  p;  _ 
one  to  2218.     Fuchs  collected  ninety-one  cases  from  li  nwtenalrf 
137.545  patients  attending  the  chuics  of  ten  different  ophtkiaic 
surgeons  in  Germauy.     Their  statistics  show  a  greater  h^ijueofT 
of  one  to  1500.     It  occurs  about  equally  frequently  in  U»tli  -  % 
and  is  for  t}ie  most  part  a  (liseiise  of  advanced  hfe.     Only  rl   ■ 
out  of  259  cases  collected  by  Fuchs  occurred!  Wfore  the  -.:    . 
ten,  only  twenty -seven  before  the  age  of  twenty.    Il  i»  vcn 
rarely  hikteral.     Five  of  Fuchs'  cases,  or  two  per  cent.bmifl 
in  IhAU  eyes. 

It  has  been  supposed  that  the  disease  is  more  common  in  iluUr 
pigmented  eyes,  and  in  raaes  where  there  is  an  ahnonmtl  an 
pigment  in  other  isolated  part*  of  the  h<:idy  ;  hut  any  defijii: 
position  arising  from  this  or  any  other  cause — eui-h  as,  for  ii  - 
heredity — though  it  has  often  l)een  aunpeotetl,  has  certainly  iitv-.  -'■• 
olenrly  demonstrated  as  yet.     It  is  more  probable  that  som**  comitc- 
tion    may    exist    between   certain    inflammatory   conditions  of  tnu 
injuries  to,  the  choroid,  and  the  tendency  to  tumour  formati-i 
a  connection  is,  in  my  exjwrience,  undoubtedly  present  in  tlit  ^-- 
orbital  growths. 

The  course  of  uveal  sarcoma  is  generally,  uccopding  u>  * 

plan  first  adopted  by  Knapp,  di\*ided  into  four  stages:— ^1) 
The  (iuiescent  or  ntm-irritalive  stage;  (2.)  The  irritative  i« 
intlaniiiiatory  stage;  (8.)  The  extraocular  stage;  and  (4.)  Tli* 
nietastjitic  stage. 

According  to  the  statistics  already  several  times  referwl  tfl. 
the  avemge  duration  of  th^fii^-  stage  is  from  eighteen  to  twenty- 
one  months,  the  lower  limit  being  for  cases  of  sarcoma  ul  tht 
ciliary  btxly,  the  higher  for  those  of  the  churoid  pnij>er.  b 
many  cases,  no  doubt,  the  period  intervening  between  the  fir*t 
appearance  of  tJie  growth  mul  the  occurrence  of  irritatinD  » 
longer,  but  escapes  observation  The  verj'  beginning  of  the 
growth  has  only  rarely  been  seen  as  a  tlat  elevation  from  ibc 
surnumding  fundus.  Usually  at  tl»e  first  examination  » 
brownish  or  yellowish  protuberance  is  seen,  on  which,  wh(*> 
the  retina  is  not  too  intransparent,  an  indistinct  and  inf^l*'" 
network  of  >'e8acl8  may  be  made  out  Ipng  behind  the  reliD" 
vessels.    Anteriorly  situated  growths  may  sometunes  l»e  xd«<1*' 
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r>ut  ven*  distinctly  l)y  oblique  illuniitiation,  if  the  pupil  be  well 
diLiteci  wth  atropine. 

In  the  sccon/i  Magt  the  eye  is  paiuful,  and  the  tension  more 
or  leaa  markedly  increased.  Often  the  condition  presents  much 
the  appearance  of  inflammatory  glaucoma  From  the  idiopathic 
or  primary  form  of  that  disease,  it  is  recognised  luaiidy  by  the 
absence  of  any  periods  of  remission  which  constantly  occur  in 
true  glaucoma.  When  get  up  by  a  tumour,  tht*  inHamination  and 
increaaed  tension  is  usually  constant.  Tlie  duration  uf  tht>  sec-orid 
ill§ft  is  lesa  than  of  the  tirst — on  the  average  not  longer  than  a 
yew.  and  often  considerably  less. 

The  third  stage  is  then  entered  upon  by  the  tumour  perforat- 
ing and  growing  extenmlly.  The  growth  then  becomes  very 
rapid  iis  a  rule,  and  ulceration,  accompanied  by  a  purulent  and 
generally  ofTensive  discharge,  takes  place  on  the  surface.  The 
pain  at  this  stage  often  considerably  abates  at  first,  but  reap- 
pears as  a  rule  when  proptosis,  owing  to  extension  of  the  tumour 
to  ll^e  orbit  or  lids,  becomes  marketl.  The  duration  of  the 
ftecoud  stage,  and  therefore  of  the  period  of  painful  increase,  is 
generally  less  in  tumours  of  the  ciliary  body  than  in  tlxose  of 
the  choroid,  owing  to  the  greater  eiuse  with  which  they  cause 
perforation. 

As  to  the  fourth  mid  final  stnge,  all  that  can  be  determined 
witli  any  certainty  is  the  peiiod  at  which  metastasis,  wliit-h 
most  commonly  occurs  in  the  liver,  reveals  itself  by  tlie  appear- 
ance of  symptoms.  The  tumour  growth  may  of  course  begin, 
and  in  many  cjises  no  doubt  has  l)egnn,  long  before  it  gives  rise 
lo  any  symptoms. 

DiagnusLs. — The  chief  diflicully  of  diagnosis  presenting  itself 
during  the  first  stage  is  to  distingiush  a  choroidal  sarcoma  from 
idiopatluc  deta<'liment  of  the  retina.  The  points  to  be  attended 
to  in  the  ditterential  diagnosis  have  already  l>een  explained. 
Detachment  of  the  choroid  might  be  mistaken  for  sarcoma,  but 
apart  from  tlie  very  great  rarity  of  that  affection,  the  sudden- 
Dess  of  onset  and  the  diminished  teusion  would  be  taken  into 
consideration.  Glioma  of  the  retina  ought  not,  in  the  first  stage, 
to  l»e  mistaken  for  sarcoma,  and  could  only  possil>ly  be  mistiiken 
Itir  the  non-pigmented  variety,  as  the  colour  is  very  ditTerent 
ixom  most  cases  of  sarcoma.  Willi  the  ophthalmoscope,  loo, 
the  glioma  can  be  distinctly  made  out  to  be  in  the  retina  itself, 
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t}ie  structure  of  which  is  altered  in  the  portion  occupifti  by  the 
tumour,  iiud  seen  nut  to  be  merely  preisiied  forward  und 
evidently  covering  the  j?niwth,  as  is  cliaructeristic  of  an  mirrly 
choroidal  tumour.  In  the  second  stage,  especially  if  ibe  medii 
be  clouded,  the  difficulty  is  greiiter,  and  the  diagiioflu  will 
depend  in  great  measure  on  the  age  of  the  patient  ^litma 
always  occurs  in  the  Hrst  decade  of  life,  wliereas  we  have  Men 
that  the  proportion  of  the  cases  of  siU'coma  occurring  » t*Hr 
in  life  is  only  about  11  to  259,  or  not  much  over  four  perciii 
Difl'iiae  tul>erculosis  of  the  choroid  has  l>een  mistiikeu  for  W' 
coma,  and  probably  in  these  rare  cases  the  difierential  JioinifBJs 
would  be  very  ditticult. 

Ill  the  second  stage  of  sarcoma  a  confusion  with  i«l 
iutlammutory  glaucoma  might  be  made,  although  surh  »  i 
ought  to  be  uncommon  if  proper  attention  be  paid  to  all  thr 
circumsUinces   connected    with    each    case.      In   glaucomi  the 
vision  luis  usually  been  good  before  inHammatory  syniptxtuifihiw 
set  in;    there  have,  Ijesides,  often  been  observed  ihc  chamo 
teristie  pronionitory  symptoms.    There  is  the  cnnstinl  i*  i 
to   remission  in    the   pain,  and  in    the    increased  iuu 
tension,  already  referred  to.     When  the  glaucoma  is  al«olute  w 
the  one  eye,  there  are  often  symptoms  of  the  disease  already 
existing  in  the  other.      In   the  ejise  of  sarcoma,  on  li»e  olltri 
hail!,  the  patient  has  usually  l)een  conscious  of  more  <)r  1«# 
blindin'SH   i\{  the   eye  l)efore   it  becomes   painful.      Ofi«?D  ibf 
blindnt^ss  has  come  in  the  form  of  a  definite  positive  scotoiuii 
When  the  inllamniatory  symptoms  set  in  they  are  constant.   A 
briglitish  i-elioction   fri)m   the  completely  dt't^iched  retina  tw 
often  be  seen.     Both  eyes  are  hardly  ever  alFected  at  the  aauw 
time.     In  casejs  where  the  choroidal  tumour  gives  rise  I^j  itiiio- 
cyditis.  the  iliagno.sis  may  certainly  l>e  rendei-e*!  diltinduaoil 
still  more  mo  when  slirinking  of  the  globe  take^  place  as  tiie  rcsuli 
of  this  inrtanimation,  as  sometimes  happena     In  idio(i«ithic  irido- 
cyclitis the  sight  has  jirobaldy  been  good  l>efore  the  onset  "f  tl« 
inthtnnnatiftn.  and  is  only  slowly  lost  as  it  progrnsses.      It  itft<-'n. 
t<Hj,  aftects  both  eyes.     The  shrunken  eye  resulting  from  siiupW 
irido-clioroiditis  is  usually  f)ainful  on  pressiue,  but  scddoui  sultj«i 
to  any  great  sponUineous  pain,  which,  on  the  other  hand,ciijii*> 
terises  that  which  encloses  u  tumour.    This  was  Jitt^t  jmint^xl  cirt 
bv  von  (iraefe,  who  \\\9^^  directed  attention  to  the  form  Mthf 
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shmnken  sarconifitons  glol>e,  which  is  more  fattened  from 
before  Iwu-kwanls  limn  fmni  side  Ui  side,  so  that  the  depression 
caoaed  at  the  sites  of  the  reeti  muscles  are  more  apparent  iu  tlie 
front  of  the  glolKi  than  in  the  aise  of  the  more  ordinary  variety 
of  fkhUiiais  bulhi. 

The  proglottis  iu  uveal  sarcoma,  if  an  operation  be  not  iinder- 
tAken,  is  ns  hud  hs  possible.  The  disease  is  prt>bably  invariably 
fatal,  and  the  time  the  patient  has  to  live  from  its  lirst  ajjpeju'- 
anee  is  not  much  more  than  five  years,  and  often  consideralily 

Of  the  cases  on  which  Fuchs  founded  his  sUUistics,  285 
were  operated  on,  and  of  these  31,  or  thirteen  piT  cent,  were 


Kic,  lOI. — Letieu-Min-onia  ftpriu|,nn^  from  «(|uatonjd  portion  of  choroid  ; 
a|ipcjininc«  uimiedmtuly  after  enm<le«tion. 

ft)llowe<l  by  local  recurrence  of  the  growth.  In  nuwt  »)f  ihe 
ttttw  recurrence  took  place  within  a  yejir.  The  statistics  show 
»1*»  what  must  l>e  Itniked  upon  as  an  imp<.rt-ant  jK^iint  pmcticnlly, 
liiai  if  recunence  iloes  not  take  place  within  four  years  aft-er 
ttnjoval  t\f  the  eye  it  is  not  likely  ever  to  make  its  appearance. 
*)i.<'n?]Mnally  exceptions  do  (X'cur  to  tliis  rule;  llnis  in  one  cjise 
of  Hirschbei)5'8  incurrence  look  place  in  the  orbit  six  years  aft«r 
(iQucleiiLioa  There  can  be  little  doubt  that  the  cause  of  tlie 
nfciirrt»nce  is  the  presence  at  the  time  of  the  operation  nf  one  or 
niore  nodules  iu  tlie  orbit,  which  may  Ije  so  small  as  to  l»e 
qait<?  invisible.  The  following  table,  taken  from  Fuohs'  work 
00  aarcoina,  shows   well    tlie    influence   which    the    ata;^   at 
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which  the  operation  is  i>erformed  lias  on  the  liabilitT  w  »- 
currence : — 


SUge. 

Total  Caacf. 

Rcciirrenoe. 

Recur  ivuue 
Perosntace- 

L 

21 

0 

0 

n. 

97 

5 

5 

m. 

117 

26 

09 

It  is  evident,  tlierefore,  as  might  well  be  supposed,  ik:  'li^ 
danger  is  only  really  great  in  the  third  st^ige.    MeDis'-    ' 
however,  ever  so  much  more  coiuiU(m,  and  constitutes 
source  of  danger.     There  ai*e  no  statistics,  so  far  as  I  wu  «**rei 


J.  r  T 

Flo.  102. — SarooiXM  of  the  choroid  springing  frtnn  lU  poAcMr 
portkm,  ■faomng  a  alight  {lerforation  in  the  vicinity  i)f  the  op^nerrc 
(From  a  gelatine  preparation  by  Dr.  A.  Hill  Griffith.) 

wliich  give  any  idea  as  to  the   frequency  of  metastasis;  but 
the  proj)ortion  of  cases  where  complete  recovery  has  folio™ 
the  opf  ration,  and  where  tlie  patient  has  been  kuuwu  to  ^ 
alive  five  years  afterwards,  is  not  very  great     Only  one  a* 
in   tlnrU^en   occurred,  for   instance,   in   Hir8chl>erg's  pnctiff' 
while  another   was  well    two   and  a    half    years   aflerwaiii*" 
Of  ten  cases  followed  by  Nettleship.  three  may  be  said  to  ha^ 
recoverod,  and  one  had  no  rctnrn  after  two  and  a  half  yain*- 
Fuchs  only  found  recovery  in  six  per  cent,  of  the  cases  ih*^ 
histories  oE  which  lie  collected.     There  can  !«  little  doubt.ho«** 
ever,  that  the  percentage  of  favourable  cases  is  higher  than  'i^ 
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One  curious  and  important  point  brought  out  by  Fuchs'  statistics 
is  that  metastasis  appears  just  as  likely  to  take  place  if  the 
operation  be  performed  at  the  first  as  if  performed  iu  tlie  third 
stage,  while,  as  we  have  seen,  it  is  different  with  respect  to  local 
reourrence. 

Later  statistics  from  Leber's  practice  derived  from  a  total  of 

25    cases  observed  from  1874-1889  are  in  respect  to  recovery 

►re  in  accordance  with  Nettleship's  experience,  the  proportion 

ling  6  to  16.     Lel)er  further  fu»uid  metastasis  less  likely  to 

occur  if  the  primary  growth  were  removed  in  the  first  stage. 

On  the  other  hand  he  met  with  two  cases  of  local  recurrence. 


Fig.  103. — MtfUootic  Banx)m&  of  the  choroid  in  the  third  Bta^e, 
the  tnmoor  bftviog  filled  the  eye  and  perforated  the  sclera.  {From 
ft  geUtine  prep&mtion  by  Dr.  A.  Hill  Griffitli.) 

/ollowing  in  one  case  3  and  in  the  other  10  years  after  early 
euucleatinn. 

The  only  possible  treatment  is  to  remove  the  eye.  This 
should  be  done  as  soon  as  Llie  diagnosis  is  certain,  in  all 
uuea  where  it  is  poasilile  to  remove  the  whole  growtli.  In  the 
second  stage  it  is  a  good  precaution  to  clear  out  most  of  the 
contents  of  the  orbit,  as  well  as  removing  the  eye.  This  is 
abioiutely  necessarj'  where  the  tumour  has  extended  to  the 
orbit,  or  is  in  the  thirtl  stage  of  the  diseiise,  whereas  it  would 
ttppear  from  what  has  been  said  that  enucleation  alone  is  all 
that  is  required  in  the  first  stage. 
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It  is  rt  disputed  point  whether  or  imt  sarcoma  occnin 
the  choroid  tis  a  niettistiisis.     At  all  events,  if  it  does,  it 
he  80  excessively  rare  as  to  Ite  of  no  importance  pmcticallv. 

Metiistatic  carcinoma  of  the  choroid  has  l>een  tU^scriliwt  h^ 
several  authors — Hirschherg,  rerla,  Scholer,  Manz.  &c.  I 
seems  always  to  occur  in  Ixjlh  eyes,  and  iu  tl»e  cases  records 
has  been  usually  after  carcinoma  of  the  mnnimu. 

Glioma  ok  the  Ketina. — Ghoma  is  a  white  or  pinkisli-- 
white  6oft  tnmimr.  hiatnlogicully  CdmiMised  fur  the  moat  jmrl 
of  round  nells,  and  rt*semhling  closely  in  its  structure  a  nnnitl— ] 
celled  sarcoma, — ao  much  so,  that  they  Ai*e  hy  some  considert 
to  he  idonticfll  On  this  account  it  is  also  culled  glici-sarcoxu* 
or  a  sarciana  of  the  neuroc^Iia.  In  many  re«pect<>.  howevt-r 
the  cliniail  features  of  j^dioinu  iliffer  fiM>m  those  of  aarcifuufcr.&-^ 
when  met  with  in  the  eye,  so  that  it  is  well  to  consider  thi*tn^^ai 
altogether  as  di<ilinct  diseaaea.  Glioma  sliows  even  a  mar^^=» 
marked  tendency  to  undergo  degenerative  clmn^'cs  than  sarcoini 
These  may  he  fatty,  calcareous,  cheesy,  and  pigiueutary,  the  fii 
being  the  most  common.  As  the  nmss  grows  it  causes  adi&— , 
appearance  of  the  ^^treous,  and  often  a  loss  of  transpan^acy  of 
the  lens,  which,  along  with  the  iris,  is  pressed  forwards,  ciiusing 
a  more  or  less  marked  shallowing  of  the  anterior  chamber. 

After  existing  for  some  lime  in  the  retina  alone,  the 
choroid  and  optic  nerve  become  involved  in  the  tmnour 
growth.  Tlie  growth  at  Hi-st  cHTUpie,<?  mainly  tlie  lue^lullary 
portion  of  the  nerve,  and  t.aily  after  involving  tliis  j»ortion  for 
some  time  spreads  to  its  sheatli.  This  causes  in  many  cases  An 
immense  thickening  of  the  nerve,  and  it  is  for  the  most  part  iu 
this  way  that  extension  Hrst  tiikes  place  to  the  brain.  It  is.  Jis 
a  rule,  the  extension  to  the  brain  that  causes  the  death  of  the 
jHitient.  Metrtstiisis  does  occur,  hut  far  from  Ix-ing  an  invariable 
occurrence,  as  in  sarcoma  of  the  uve«l  tract,  it  is  cout]>ar4itividy 
rare.  Metiistatic  glioma  has  been  mostly  found  in  the  lirer. 
but  has  also  been  met  with  in  the  ItoneB,  ovaries,  kidneys,  and 
lungs. 

Instead,  then,  of  four  stjiges  which  can  be  distinguishes!  iu 
the  clinical  historj'  of  sarcoma,  only  three  chnracteriBe  glioma: — 
(1.)  The  quiescent  or  non-irritative  stage  :  (2.)  Tlie  irritative  or 
glaucomatous  stage :  and  (3.)  Tlie  stage  of  extraocular  gmwth. 

Blindne^  is,  of  course,  a  very  early  symptom  of  the  fini 
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It   ifl   only   comparBtively   run'ly,   however,   thut    this 

•ymptom  directs  attmition  to  the  disease,  as  such  a  larjre  pro- 

Jiorlion  <tf  r'iise.s  occur  in  infants,  who  do  not  complain  until 

they  lie^in  to  sulfei'  pain.    Often  before  this  the  parents  oliserve 

■a  pecuhnr  whitish  rejection  from  the  eye,  not  unlike  that  from 

^^btf  tive  of  some  unimals,  and  what  used  to  l>e  called  tlic  amauvu- 

W/k  «^*  'y'.  one  of  the  chief  causes  of  wliich  i«  glioma.     This 

^H^jetimnce  and  the  uccompanyintr  dilatJitioii  of  tlic  pupil  lead 

PK  the  detection  ot  the  diseiise,  and  it  is  then,  often  long  after 

the  firal  onset  of  the  disease,  that  oilvice  is  sought. 

Owincf  p-eatly  to  the  \-ielding  of  the  sclera,  glaucomaUjus 
feymptouis.  or  tlioae  of  the  second  stage,  are  delayed  until  a  time 
when  the  tumour  is  much  larger  than  a  sarcoma,  when  it  passes 
fmm  the  quiescent    to  the  irritative  stiige.     (.'liildren  are  there- 
fore oft^in  first  lirought  to  the  surgeon,  when  there  is  already  a 
deal  of  increase  in  the  size  of  the  globe,  and,  what  is 
rse,  when  the  nerve  has  to  a  great  extent  been  involvetl  in 
tumour  growth. 

The  third  sta^e,  or  the  extraocular  growth,  is  U3heit*d  in  by 

perforation  usually  of  the  corncii, — sometimes,  though  m\ich 

K  rarely,  of  the  sclei-a.     Perfonttion  of  the  cornea  is  often 

Jed  by  a  kind  of  ueuro-|)aralytic  and  ana.*3thetic  ulceration. 

wxm  as  the  tumour  lHroine.s  extraocnhir  it  grows  with  great 

idity,  involving  the  tissues  of  the  orbit,  of  tiie  temporal 

fi»s8a,  of  the  cheek,  and  even  of  surrounding  tissues.    The  lymph 

Dfis  in  the  neighbourhood  are  sometimes  affected,  but  m»»re 

piently  uoL     There  can  he  little  diaiht  that  when  metastasis 

(loee  take  place,  it  is  brought  about  by  absolution  of  particles  of 

the  tuiuour  into  the  blood,  and  nut  by  transnussion  through  the 

lyuipli  channels. 

Occasionally  it  happens,  just  as  with  siircoma,  that  an  irido- 

itis  is  set  up.  an<l  this  may  le^d  to  shrinking  of  the  eye. 

ether  or  not  shrinking  takes  place,  the  superventitm  of  an 

inflammulory  attack  of  this  nature  introduces  a  ditficidty  in  tlie 

kosis. 

That  form  of  purulent  choroiditis  which  is  met  with  along 

h  cerebro-spinal  m*'niugili8,  is  the  disease  most  likely  to 

confounded  with    gliomiu      Tlie   differential    diagnosis    will 

depend  partly  tm  tlie  history,  and  jwirtly  on  the  local  appear- 

HDces.      In  the  case   of   choroiditis   there   will   usually   be  a 
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distiuct  history  of  an  illness ;  fever,  drowsiness,  and  othff  ' 
more  or  less  raarked  cerebral  syuiptouis  preceding  the  mflam-  ' 
mation  in  the  eye :  ftnd  when  the  pitient  is  old  enough  to 
observe,  the  blindness  will  be  said  to  have  come  on  after  ti» 
inttammatiou,  and  not  U^  have  existed  before  it  The  whinA 
reflex  from  the  fundus  very  closely  resembles  that  ctusrf 
by  glian^a,  especially  if  the  lens  has  lost  a  good  deal  "f  iu 
transparency.  When  it  is  possible  to  make  a  closer  enmi' 
nation  of  it,  the  colour  is  found  to  be  more  of  a  faint  strav.ani 
not  the  pinkish-white  or  pure  white  characteristic  <"-! 
There  is,  besides,  not  the  marked  and  irregular  cxjuvti  ---,.- 
of  the  mass,  or  the  appejirane^.  of  retinal  and  other  vessek  on  itt 
surface  met  with  in  glioma.  Tlie  tension  is  alnj(^t  al»AR 
diminished,  and  there  are  also  evident  signs  of  iiifiiuninaiu'n— 
synechia?,  uveal  pigment  on  the  leus  capsule,  &c.  An  important 
point  to  obser\'e.  too,  is  the  condition  of  the  periphery  of  liif 
iris.  When  there  are  purulent  deposits  in  the  viuei)iLs,  tlir 
contraction  which  takes  place  in  them  leads  usually  to  reim^ 
tion  of  the  peripheral  portion  of  the  iris,  and  deepening  of  tV 
anterior  chamber  iu  this  position.  In  glioma  the  teHsioii  u 
rarely  low,  and  may  be  distinctly  increased  even  before  gUfl- 
comatous  symptoms  become  evident.  The  sliallowing  of  lb 
anterior  chamber  takes  place  throughout,  and  is  due  (o  tb* 
pushing  forwards  of  both  lens  and  vn^  The  differeutial 
diagnosis  between  glioma  and  sarcoma  has  already  bea 
discussed. 

Glioma  is  less  frequent  than  sarcoma, — according  to  Homrfl 
9tatistics,about  twice  as  uncommon.  Twenty-three  cases  occurr*! 
amongst  75,000  pei-sons,  or  one  in  every  3260.  Of  252,;^' 
patients  attending  during  five  years  at  Moorflelds  and  Dublia. 
and  during  four  yean^  at  the  Manchester  and  Birminghani  Ew 
Hospitals.  95  had  glioma — a  proportion  of  one  to  2660.  U  is 
much  more  common  in  infants,  but  has  been  met  with  up  U) 
the  age  of  twelve.  Possibly  it  may  sometimes  occur  at  a  liter 
age. 

The  few  casea  which  have  been  dcficribed  as  occurring  in  aJuiti*) 
have  been  either  undoubtedly  or  veiy  probably  cases  of  sarcomt  ift-^ 
volviwg  the  retina.  Cases  have  occurred  where  the  tumour  has  biv» 
intra-uterine.  Hirschbeig  even  l)elieve8  thut  the  first  beginniogs  *»  t  ^ 
were  of  the  tumour  are  always  congenital,  mid  that  the  growili  st*rt  *i 
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ill  t«mt«t  ut  tiiiferent  times  after  birth.  There  is  certaiiily  nothing 
vtry  iinprobttlilo  in  this  view.  Of  tweiiLy-Hve  cases  treated  hy  Hurnor 
itirrc  WL'W  coiiKuriiliil,  six  occurred  iu  the  tiwt  year,  tive  in  tho  second, 
thrrtt  ill  iliu  thinl,  two  in  the  foui-th,  and  one  mu^h  in  tho  fifth, 
wvcBth,  and  eiglith  years  respectively. 

Tlje  children  Jiffected  ore  othei*wise  healthy,  and  so  are  tbeir 
(«n*nt».  OS  a  rule :  there  does  uot  appear  to  be  any  heretlitj. 
There  is,  howeviU',  a  very  niarki'd  tendtmcy  to  scveml  meml>ers 
f>f  ihf  same  family  l»ecoining  aflected  with  tlie  iliaease,  though 
it  ii  rare  that  this  predisposition  extends  to  all  the  uieniliers  of 
u  family.  Occ^isionally  both  eyes  are  affected,  and  generally 
iheu  botli  at  the  same  time,  or  one  shortly  after  the  other.     Ou 


fto.  104. — Cftw  of  gliomn  uf  thv  retina,     (From  a  geUtine  prepM&tion  by 
Dr.  A.  Hill  Griffith.) 

liiis  lioi^ount  uloiw  it  is  evident  that  the  dis^^ase  in  the  second  eye 
ia  ludepL^ndent  of  the  first,  and  does  not  spring  from  a  continuity 
<if  the  gT<)Wth  along  the  chiji^nm      But  there  is  ahsolntc  ]iroof 

this  intlepundence  in  the  fact  that  complete  recovery  may 

U'  place  after  removal  of  both  eyes  for  jj^Uomo. 

The  prognoitis  in  glioma  is  always  l>ad,  and  altogether  hope- 
If««  if  the  disotse  Ite  left  t«  its  own  course.  It  was  generally 
ihoQght,  l*w,  before  von  Graefe's  time,  that  it  was  incurable. 
This  WHS  no  d<nibt  U^cause  the  operation  was  undertaken  too  late 
—in  the  third  stage  of  the  disease — anil  probably  often  very  iui- 

feclly  performal.  With  improved  metluHls  of  exainiuatiou, 
26 
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and  by  operating  as  soon  as  the  diagnosis  was  certoi; 
was  aoon  able  to  record  cases  in  which  complete  recoverv 
from  oi>eration.     Although  the  disease  is  extremely  ai>i^ 
is  mainly  so,  as  has  already  been  said,  on  account  oE  : 
tendency  to  extension  to  the  brain.     If  an  opponuniiy 
operating  at  an  early  stage,  there  is  a  fair  cluince  of  er 
it.     It  is  always  advisable  to  remove  aa  long  a  porliuu  i*i  tk 
optic  nerve  as  possible  when  there  is  much  tliickeniiy  \\\  it  H 
the  operation  be  done  during  the  glaucomatous  or  Inlti  itig^ 
the  whole  contents  of  the  orbit  should  be  removeii    Even  with 


Flu.  105. — Glioma  uf  thu  retina  oamplicat«d  with  [jwfudo-gliiniui.     iKmn 
ft  gelatine  prep&rftlion  by  Dr.  A.  Hill  Grittith.) 

this  precaution  the  chance  of  recuirence  is  verj-  great,— (^lii*  ** 
great  aa  in  the  case  of  sarcoma,  if  not  more  so.  The  pifjnioffl* 
is  therefore  considerably  more  favourable  than  in  sarcoroH iJ  th? 
operation  be  performed  early,  while  it  is,  if  anything,  worse  in  ii*f 
third  stage. 

I  know  of  two  cases  in  which  there  has  been  complete  rpooterji 
but  us  I  liiivc  not  kept  notea  of  nil  the  caeca  I  have  seen,  I  cannot  «»y 
what  proportion  thoy  constitute,  nor  would  the  proportion  (ri^^  ^ 
such  a  auuill  iiuuibiT  be  of  much  value.  Almost  all  ophtWB* 
surgeons  to  Avhom  I  liave  spoken  on  the  subjeirt,  however,  haw  b* 
cases  of  recoverj',  and  an  the  number  of  coses  treated  hv  any  ^ 
surgeon  could  at  tlie  best  not  be  very  numerous,  as  the  disonie  is  <^ 
rably  less  fi-eijuent  than  sarconm,  this  of  itself  sliowa  tbnti'i^ 
jy  no  means  a  very  rare  event.     Of  four  cases  recorJeJ  by  Nf'"'^ 
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Pk  one  recovered  certainly,  and  one  other  probably.  Of  eleven  cases 
owed  by  da  Gama  Pinto,  two  recovered.  Of  Homer's  twenty-three 
8B,  I  gather  from  Vetsch's  account  that  sixteen  died,  and  only  four 
re  known  to  recover.  Other  cases  of  recovery  have  been  recorded, 
tebly  one  by  Agnew  after  enucleation  of  both  eyes. 

Glioma  of  the  retina  is  a  disease  which  has  long  been  known 
t  late  stage  of   its  development.      Wardrop,  who  was  the  first 

show  that  the  large  growths,  to  which  the  disease  gives  rise 
len  not  interfered  with,  spring  from  the  retina,  called  it  fumjus 
maiodes.  He  was  also  aware  of  its  malignant  nature,  and  of  its 
reading  along  and  involving  the  medullary  portion  of  the  nerve.  In 
ance  it  has  for  long  been  known  by  the  name  of  encephaloid  of  the 
ana,  given  to  it  by  Lsennec.  Virchow  was  the  first  to  show  that 
e  point  of  origin  is  the  connective  tissue  or  neuroglia  of  the  retina, 
d  hence  the  name  glioma.  Our  present  knowledge  on  the  subject  is 
eatly  owing  to  the  cluneal  investigations  of  von  Graefe  and  Hirsch- 
!Tg.  Different  layers  of  the  retina  are  first  implicated,  and  partly 
ring  to  this,  partly  also  to  the  manner  of  extension,  the  main  growth 
ther  occupies  the  vitreous  chamber  without  leading  to  detachment  of 
l6  retina,  or  it  causes  detachment,  and  occupies  the  space  between 
le  retina  and  choroid.  The  first  form  is  less  common,  and  is  known 
•  glioma  endophytum.  The  second  and  more  common  form  often 
«eiTes  the  name  of  glioma  exophytum.  Of  seventy-seven  caaes 
»llected  by  Hirschbeig,  only  two  were  cases  of  glioma  endophytum ; 
at  this  form  occurred  in  four  of  eleven  cases  recorded  by  da  Gama 
into  from  Heidelberg.  Hirschberg^s  proportion  probably,  therefore, 
wdly  represents  the  actual  one. 


CHAPTER    XIIL 

DISEASES   OF   THE  ORBIT. 

Most  affections  of  the  orbit  have  one  characteristic  symptoniin 
coninion.  They  give  rise  to  more  or  less  protrusion  of  the  ey^ 
ball, — proptosis  or  exophthalmos.  An  abnormal  sinking  of  tbe 
eye  back  into  the  orbit,  or  cnophthulmos,  is  rare,  apart  from  thai 
which  occurs  in  very  old  people  owing  to  the  disappearance  of 
the  orbital  fat. 

Diseases  of  the  orbit  are,  on  the  whole,  of  rare  occurrence.  From 
the  statistics  published  by  the  Royal  London  Ophthalmic  Hospital,  tk 
Manchester  and  Birmingham  Eye  Hospitals,  and  the  National  Eye  and 
Ear  Infirmary,  Dublin,  I  find  that  amongst  over  250,000  patients  vW 
presented  themselves  for  treatment  at  tliese  institutions  during  the 
space  of  four  and  five  years,  about  one  in  800  was  the  subject  oi^vat 
orbital  aflection. 

The  causes  of  exophthalmos  are — (1.)  Intlammatiou  of  the 
orbit;  (2.)  Tumour  of  tlie  orbit;  (3.)  Aneurism  of  the  orbit: 
(4.)  Craves'  disease;  and  (5.)  Injuries  to,  and  foreign  bodies  in. 
the  orbit. 

Inflammation  of  the  Orbit. — Althougli  it  is  not  alwap 
possible  to  make  the  differential  diagnosis,  it  is  important  l> 
make  a  clinical  distinction  between  an  inflammation  l^eginniuj: 
in  tlie  periosteum  of  some  portion  of  tlie  orbital  wall  or  orhit'il 
2)erw.stiti.-^,  and  one  which  originates  in,  or  is  confined  to.  tli^' 
connective  tissue  of  the  orbit, — orbital  ccUi/litU.  "While  ihf 
former  sooner  itr  later  extends  to  the  cellular  tissue,  an  original 
cellulitis  does  not  lead  to  inflammation  of  the  periosteum  »ir 
l>one. 

Cellulitis  is  the  more  common  affection,  l>eing  set  up,  as  a 
rule,  by  some  trauma  or  by  the  exteusitm  of  a  panophthahuitis 
originating  often  in  some  severe  corneal  intiannnalion.  Of 
purely  idiopathic  inflammations,  however,  it  should  l>e  re- 
membered tliat  periostitis  is  nmch  more  frequent  than  cellu- 
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ti».  The  periostitis  may  be  an  extension  from  some  other 
?a.Tt,  iin<l  may,  for  instance,  be  set  up  by  a  «lecaye<1  tooth,  or  it 
Enay  originate  in  the  urbit,  in  which  case  there  is  usually  some 
strumous  or  syphilitic  cause  for  its  apj)eaTance,  The  periostitis 
**iay  l>e  merely  hy)^>erpla3tic,  or  it  may  be  gummatous,  and  lead 
the  destruction  of  the  tissiie  involved. 

The  surrouudhig  celluhir  tissue  and  fat  frefjuently  partici- 
pate in  the  intlammation  which  has  originated  in  the  periosteum, 
^•lid  a  more  ur  le^s  localised  ahsovss  results,  winch  gives  rise  to 
^»o|itosis  and  great  |>aiu.  When  the  case  is  originally  uue  of 
P<;riiislitis.  and  the  protrusion  of  the  eyehidl  gn»at.  then  it  may 
^  lL>«jked  upon  as  certain  that  it  has  proceeded  to  suppuration, 
^imetimes  fluctuation  can  be  felt  in  the  orbit,  but  this  is  not 
*lhv.iys  the  case.  The  pain  is  very  great,  and  subject  to  ex- 
tremely acute  exacerbations,  which  are  apt  to  come  on  at  night. 
-In  many  cases  pressure  over  some  part  of  the  bone  surrounding 
tLe  itrbit  gives  rise  to  pain,  e8j)ecially  if  the  pi'essui'e  be  made 
with  the  linger  passed  as  far  to  the  inner  surface  of  the  orbital 
nmrgiu  aa  possible  and  directed  away  from  the  eya  lu  this 
way  a  j>erio.stitis  may  often  Inr  distinguished  from  a  relhditi.s. 
If,  however,  the  site  of  the  intiammation  be  very  far  back,  there 
may  l»e  little  or  no  jmin  on  pr&saure  over  the  bone. 

In  exophthalmos!  due  to  periostitis,  the  protnision  generally 
takes  placH  more  rapidly  than  wlien  tin*  (*(dlular  tissue  aloii*'  is 
InHaiued.  while  the  restriction  of  movement  which  accompanies 
the  inflammatory  protrusion  is  often  lesM  alisolute  in  sour'  direc- 
tions than  in  others,  and  the  displacement  itself  not  directly 
forwunls,  but  more  in  some  particular  direction,  often  down- 
wards t»r  inwnrds.  In  oibiud  rrllulilis,  on  the  otber  band,  the 
piiin  is  not  so  great  as  a  rule,  a  considerable  degree  of  protrusion 
often  taking  place  with  little,  or  only  what  is  described  as  a 
dull  pain  lieiiig  exjterienced :  tlie  proptosis  takes  place  more 
gradually,  and  isgeuerully  directly  forwards  without  any  gieater 
deviation  in  one  direction  than  luiother,  while  the  restriction  in 
the  power  of  movement  is  ei|imlly  marked  in  all  direction.s,  and 
is  often  ]>nu'tically  abs*»liiLe.  There  is  no  pain  on  pressure  over 
the  l»one,  but  pushing  the  eye  backwards  gives  rise  to  more  or 
less  |»iin.  In  both  periostitis  and  cellulitis  thcie  is  more  or  less 
cbemosis.  as  well  as  swelling  and  redness  of  the  lid.  These 
external  indications  of  intlummation  are  said  by  some  to  be 
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greater  in  periostitis,  but  I  do  not  think  tliat  the  prominence 
the  symptoms  can  be  relied  on  as  affording  information  of  lui 
diagnostic  vakie.  The  state  of  vision  iu  the  protruding  eye  i« 
point  of  more  importance,  as  iu  crises  of  idiopathic  cellulitis,  ia' 
which  alone,  as  a  rule,  there  can  be  a  doubt  aa  to  the  diagnoe<i«» 
it  is  more  frequently  seriously  uffccttHl  or  altogether  destroyed 
than  in  periostitis. 

In  Sfime  c»ises  of  gumma  the  swelling  is  so  hard  that  it  mighl 
readily  lie  taken  for  a  tumour.  The^e  occur  most  frequeuilyoi 
the  roof  of  the  orbit,  not  very  far  from  its  mnrKiu.  Periostitis 
as  well  as  caries,  is  also  met  with  confined  \/y  the  mai^n  of 
orbit,  or  at  all  events  not  spreading  far  l»ack.  Tliis,  like  the  nioi 
serious  deep-seated  inflammation,  is  mostly  stnimous,  rhenmatic, 
or  s}^liilitic.  The  most  common  sites  for  it  are  the  lower  ridj 
and  external  angle  of  the  margin  of  the  orbit.  It  causes  gn-ACj 
cedema  of  the  lids  and  cheraosis,  the  conjunctiva  being  infilti-ai 
with  a  clear,  transhicent,  straw-coloured  fluid.  Tlie  site 
periostitis  is  easily  discovered  by  pressing  with  the  tinger  ov* 
different  parts  of  the  orbital  margin.  This  fonu  less  fre^jaently 
in  my  eMXperience,  goes  on  to  suppuration  tlma  the  deeper  affec' 
tion.  I  have  met  with  it  on  several  occjisions  symmetrically 
affecting  bnth  sidea 

When  nn  abscess  does  form  it  should  be  opened  antiaeptte- 
ally.     In  the  deeper-seated  alwcesses,  too,  it  is  important  n( 
to  delay  too  long  in  making  a  free  opening  for  the  escape  of  tJ 
pus  and  free  drainage.     Besiiles,  by  dii*ect  trausmission  ihroughl 
the  diseased  bone  forming  part  of  the  orbit^il  wall,  ca^es  whichj 
have  been  left  to  themselves  have  been  known  to  cause  deati 
by  bursting  through  the  back  of  the  orbit.     Other  }>osilious  ia 
which  a  spontaneous  evacuation  of  the  pus  may  Uike  place  are — 
externally  through  the  lid  and  conjtmctiva.  which  foriunateb 
seems  to  l)e  most  common,  or  into  the  amty  of  the  nose  orl 
the  autnmi,  but  tliis  probably  only  where  the  intervening  l»on< 
is  involved. 

The  caries  or  necrosis,  so  often  a6S(x;iatod  with  the  pi^riostitis^] 
causes  the  healing  process  to  be  usually  a  protracted  one»  m 
that  a  fistulous  opening  may  remain  for  months.  Where  such  A 
process  takes  place  at  the  orbital  margin,  the  eventual  cicatrisa- 
tion is  apt  to  lead  to  ectropion.  Children  arc  especially  liable 
to  periostitis  of  the  orbit,  both  in  the  superticial  and  deep  parte. 
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it  is  appai-eutly  set  up  by  a  trauiua,  though  probably  there 
generally  a  strumous  or  inherited  specific  tuint  which  favours 
occurrence. 

The  fi-equent  connectiou  between  severe  iuflauunatorj'  con- 

itioiis  L»f  the  coats  of  the  eye  and  the  cellular  tissue  of  the 

!>it  lias  already  been  referred   to.      It  is   tlie   surrounding 

laective  tissue  or  Tenon's  wipsule  which  first  participates  in 

inEammation.  but  there  seems  no  reason  to  suppose  that  it 

nsaally  contined  to  that  pirt,  and  consequently  to  distinguish, 

[is  done  by  some  sui-geons,  between  tenonitis  and  more  general 

»it*d  cellulitis. 

IdiujMitJiic  orbiUl  cellulitis  is  ilue  eitlier  to  thruuitjosis  of 
le  cavernous  sinus  or  to  an  inflammation  which  is  set  up  by 
some  specific  poison,  wldch,  somehow  or  other,  finds  its  way  to 
the  tissues  of  the  orbit. 

The  inflammation  thu^  originating  in  the  orbit  may  extend  to  the 
brail).  When  this  takes  place  it  ifl  probably  always,  as  was  first 
pointe<l  out  hy  Herliii  and  confirmed  by  Leber,  through  the  vesseli*, 
anil  not  through  the  lymphatic  chunneb.  However  it  may  originate, 
nn  idiopathic  inHamination  of  the  orbital  tissues  is  much  more  liable 
to  cause  either  complete  destruction  of,  or  grave  interference  with, 
vision,  than  that  which  results  from  accident-,  or  from  the  extension 
of  a  piu-ulent  choroiditis.  It  is  unlikely,  therefore,  that  the  mere 
compression  of  the  nerve,  which  might  bo  supposed  to  take  place 
^'wLen  the  eyeball  is  gi-cutly  protruded,  is  the  main  cause  of  this  dis- 
rons  complication,  but  that  the  nature  of  the  inllainmation  it«olf 
aeems  of  greater  importance  in  this  respect. 


The  danger  to  life  is  also  gre^iter  in  the  idiojmthic  cjiace. 
Indeed,  those  which  primarily  dep<.Mid  on  thrombosis  of  the 
\renous  sinus  are  always  fatal,  and  usually  the  exophthalmos  is 
at  the  same  time  double.  How  it  is  that  in  some  cases  which 
have  a  peripheral  origin,  a  spreatlin^'  of  the  intiammation  to  the 
braLn,  and  consequently  generally  a  fatal  termination,  cjccurs, 
while  in  other  apparently  sinnlar  cases  this  complication  is  not 
met  with,  docs  not  seem  quite  clear. 

The  aftec-tion  often  begins  with  fever,  and  more  or  less 
marked  indications  of  gastric  irritation;  not  infrequently  there 
is  an  exident  erysipelas  of  the  face  and  head  which  has  sprewl 
lo  the  orbit,  or  a  lesion  of  some  kind  in  the  neighlxjurhood  of 
the  eye,  which  has  given  rise  to  phlebitis. 
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Probably  in  both  cases  the  result  ia  a  more  or  less  uaif  n«iTf  thww-  I 
bosU  of  llie  vi'iu«  in  the  orbit,  wliich  may  exteml  to  tli'  1 

of  llie  ri'lina,  im«l  cause  blindness,  or,  by  ext+'iuiing  bi  I 

to  plilfbitis  ami  thrombosis  of  the  cAvenums  sinus.     Oi- 
no  such  t^mgihle  cause  can  bo  discovered.     In  such,  L'  i 

uevertbelestSf  the  existenco  of  some  similar  infectious  cau9^.    Bt^H 
"thiit  the  origin  of  the  orbital  inllaiiuiialiou  is  to  be  regaricd  afi«^ 
aaine  light  as  proUibly  every  nne  now  looks  upon  the  oociinww  «f 
an  HjUHircntly  spontaueous  attack  of  erysipelas,  viz,,  tlmt  ii-i-f  " 
matter  finds  its  way  into  an   unnoticed  nbrnsion  nf  ih«  «k. 
wound  tims  infected  is  probi\bly  generally  in  the  lid.  -whicli,  n^ 
it«  abundant  venous  supply,  offers  particularly  favoarHblc  oiiiin  " 
for  the  (establishment  of  an  infected  thrombus."     AVhil<^  4n  t  i'^ 
cellulitis  of  this  nature  is  usiuilly  confined  to  one  eye,  il  Iia*  "k^"  f' 
ally  been  met  with  on  both  sides.     The  cause  of  (he  liilti-nl  ■«  :'i' 
rence  has  Vieen  found  in  the  case  of  the  er3'8ipelatou5  v.irrtvi'' 
either  an  extension  of  tlie  throml>osis  int«  the  eavenioa-  )iii'i>,  n-i 
from   thence  into  the  other  orbit,  or — and  this  seems  lo  Iwh  *>•'» 
more  fretjuently  observed — the  inflammation  of  the  skin  nmy  •[''*' 
into  both  orbits. 

In  orbital  cellulitis  caused  by  eiysipelas,  death  occors 
extension  to  the  brain  in  probably  aliout  twenty-five  percwiU 
and  is  more  likely  to  occur  when  both  orl»it6  are  atfecled  this 
where  the  exophthalmos  is  on  the  one  side  alone.     Il  is««- 
sideralily  more  likely  tlian  not  to  Im?  followed  by  ciiniplete  bW* 
ness.     In  the  eases  I  have  seen,  the  subsequent  atP)pl.\    * 
optic  disc  luLs  been  extreme,  and  the  vessels  much  diiuiii;- 
nuniber  and  calibre,  but  I  have  not  observed  any  marked  defm 
of  vasculitis  or  perivasculitis  leadin^^  to  dense  white  linoe  Ln  ll« 
place  of  the  retinal  vessels,  such  as  have   been  desoriW  li? 
Knapp  and  others. 

The  irfniment  of  inHarniuator}*  e x oph thai n ins  must  Ik;  din.ti'^ 
as  far  as  possilde  to  pi-evciiting  the  retention  of  pus  in  the  orbit 
Before  the  protrusion  of  the  eye  is  great,  and  so  long  as  ucluil 
suppuration  hns  not  taken  place,  the  treHtment  shouUI  be  luaiuW 
expfcUint,  ur  at  all  events  no  active  local  treatment  is  re^juin.**! 
Constitutional  remedies  suited  to  the  CAse  may  be  tried.  *wi» 
firm  bandage  applied  over  the  eye.  It  should  be  renunnberw 
that  some  crises  disperse  without  leading  to  altscesL^  Ibo* 
favourable  result  is  not  to  be  expected  when  the  pain  is  excessi"" 
and  the  exo])ht!ialm4)s  mai'ked,  and  Uie  formation  of  ibe  pu* 
should  then  nither  l»e  favoured  by  frequent  antiseptic  poulticinjt 
As  soon  as  any  fluctuation  can  be  made  out,  an  incision  should 
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Diiuie  into  the  orbit,  the  site  for  the  incision  being  chosen 

jnlinj^  to  the  position  of  the  most  evident  fluctuation,  if  such 
ir  wliere  the  Reparation  of  the  eye  from  the  orlnlal  wall  is 
jininounced.    The  knife — eitlier  a  large  (Iruefe's  knife  or  a 
>w  Sichel— ahtiuUl  l)e  plunged  deeply  into  the  orbit,  with  the 
tiirued  awjiy  from  tlie  eye.    Tlie  escape  of  pus  ca\ises  j^reat 
if  lo  the  patient,  and  generally  very  considerable,  though 
[tHot  complete,  reduction  of  the  proptosis.      It  is  necessary  to 
|«aiire  efficient  drainage  afterwards,  as  in  most  cases,  and  espe- 
-ciftUy  where  there  has  been  ^>eriristitis,  the  discharge  will  con- 
tinue for  a  long  time.     Careful  pndiing  maybe  made  through 
the  Wound  from  lime  to  time  in  order  to  determine  the  state  of 
the  boue,  especial  care  being  tiiken  where  any  diseased  bone  is 
^)UDd  in  the  roof  of  the  orbit. 

Empyema  of  thk  Frontal  Sikus. — A  collection  of  matter 
pamv  take  place  in  the  frontal  ainiis  on  one  or  both  sides.     This 
I>y  in)  means  common,  the  bihit^'ral  affection  lieing  especially 
\xiivt.    The  symptoms  to  which  an  empyema  in  this  situation 
ives  rise  depend  upon  its  ocuteness  and  the  degree  of  patency 
of  tlic  normal  <ipening  which  ciinnects  the  sinus  with  the  nose. 
Alost  cases  have  p)n-»bably  lasted  a  long  time  befoi-e  they  lead  to 
ly  swelling,  other  than  jwssibly  some  degree  of  distension  of 
the  cavity,  which  remains   nnnoticeable.     After  a  longer  <\x 
shorter  time  the  anterior  Ijony  wull  l>ecomes  perforated  ut  its 
orbital  aspect,  where  it  is  thinned,  by  the  retained  secretion,  and 
4  rounded  elastic  swelling  makes  its  ap|)earance  at  the  np]»or 
and  inner  angle  of  the  orbit,  causing  epiphora,  jis  it  increases  in 
size,  from  pressure  on  the  tear  sac,  and  also  some  degree  gener- 
ally of  displacement  of  the  eye,  with  a  «'nnesp4>niling  <lipli*pia  in 
certain  directions  of  fixation.     The  disphiL-ument  of  the  t-ye  is 
forwards,    downwards,  and   outwards.      i.>ecasionally,  however, 
the  diplo])ia  is  more  marked  thun  can  be  accounted  for  by  this 
displacenjeut,  which  may  be  very  sligiit,  and  is  then  no  doubt 
partly  or  wholly  due  to  interference  with  the  action  of  tlie 
teuilon  of  the  superior  obliipie  tuu.siIc.     Sometimes  the  patient 
ha.s  for  long  complained   of  htjKlarlie,  conhiifMl   to,  ur  starting 
from,  the  region  of  the  siuus;  at  other  limes  the  condition  is 
found  to  have  given   rise  lo  very  little  discomfort.     Notwith- 
standing the   bursting  of   tlie  abscess    through    the   Ixjne,   the 
passage  to  the  nose  may  frecjuently  be  found  to  be  not  altogetlier 
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obliterated,  as  by  pressure  over  the  swelling  the  contents  mny 
often  be  emptied  into  the  nose. 

Occasionally,  as  in  a  ca«e  recorded  by  Knapp,  bursting  takc4 
place  backwards,  leadinj^;,  as  it  d(ies  in  ultscess  in  the  inastiiid 
cells,  to  a  cerebral  abscess.  This,  however,  is  fortunately  n  very, 
rare  occurrence. 

Frontal  sinus  abscess  may  occur  at  any  time  of  life,  excepl' 
in  young  children,  as  the  siuusos  are  not  developed  until  aflerj 
the  fifth  or  sixth  year.  A  distension  of  the  sinus  may  aLa 
take  place,  owing  to  the  extension  of  nasal  Ecrowths  into  it.^ 
Tumours  do  not,  however,  iip])ear  to  ^ow  primarily  in  thill 
situation.  Only  one  case  has  been  recordeil  by  Knapp  wbcsraj 
distinct  masses  of  a  myxoniatous  nature,  unconnected  wiihl 
any  similar  development  in  the  nasal  passa^s,  were  foundl 
complicating  the  condition  of  abscess  which  called  for  surgical 
interference. 

The  cause  of  distension  of  the  frontal  sinus  is  not  alway;^  very] 
clear.     Soiuetimes  there  hiia  l>een  many  years  previously  on  ac-cidenl 
which  has  possibly  r.losed  up  the  passage  tti  the  middle  meatus  of  thi 
nose,  Imt  as  a  rule  such  an  interference  with  the  outHow  of  the  %»vn« 
tion  from  the  sinus  seems  more  proljably  to  ho  due  to  Bwelling  of  the 
inucouH  membrane  lining  the  channel.     In  the  tirst  cus«  the  |»ent-u|ij 
fluid  slowly  increases ;  iu  the  other  there  is  at  the  same  time  an  ii 
flammatory  condition  uf  the  lining  membmno  leading  to  suppurotioq' 
in  much  the  same  manner  as  that  commonly  met  with  in  the  tear  Mne^ 

The  tre/UwaU   consists   in  cutting  down  on  the  swellin 

enlarging  if  necessary  the  aperture  in  the  bone>  and  then  keep- 
ing up  a  pro|>er  drainage  by  inserting  a  drainngi*  tube  and 
syringing  out  the  cavity  at  tirst  twice  daily,  and  afterwanU 
less  frequently.  In  cases  where  the  diwharge  is  very  punden 
at  first,  there  is  generally  no  actual  stricture  of  tlie  passage  to 
the  nose,  and  nothing  further  is  requii-ed. 


When  there  is  no  passage  one  may  he  nnule  with  a  small  poug«\ 
and  k<'|it  open  liy  frequently  passiiig  a  probp  through  it,  or  tlie  f'jlIow»i 
iug  of)eration  deacril>ed  by  Lawson  may  be  performed.     Willi   lbe| 
index  fiiiyer  of  ono  hand  in  the  sinus,  the  nj^dit  in  the  case  of  the  W(ti 
anil  the  left  iu  the  CA^e  uf  the  right  sinus,  the  little  finger  of  the  othttTj 
hand  is  passed  up  the  nostril,  '*  and  an  endeavour  nuido  to  tind  oul 
the  spot  nt  which  the  tip  of  the  Hnger  in  the  sinus  will  npproximat 
most  closely  to  the  one  in  the  nose.     After  a  little  search  it  will  b«| 
found  that  nt  one  part  the  lingers  will  almost  meet,  thcrv  being  unly 
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Uiin  i>lfite  of  bone  botwetm  them.  Having  gninod  thia  information, 
ihr  finger  in  the  front&l  Einua  is  to  l>e  withdinwn,  hut  that  in  the 
Dosbil  to  be  retained  in  siiu,  to  act  as  a  guide  to  the  gouge  or  ulevator 
vbidi  is  to  be  passed  into  the  sinus,  and  ni»de  to  force  a  passage  into 
Ihtt  no»?  through  the  lamina  of  bone  on  wliich  the  tip  of  the  little 
ftnger  is  renting.  A  commtinication  }>etween  the  frontal  sinus  iind  the 
Dn««  having  been  thus  estahlisliod,  an  indiarubber  dminagc  tube,  with 
hole*  cut  at  short  distances,  is  to  be  introduced,  one  extremity  of 
which  id  to  be  afterwards  fastened  on  the  fuivhead,  whilst  the  other 
end  protnides  !?liphtly  from  the  nostril.  The  easiest  way  of  iiitrwUic- 
m^  a  druinage  tube  is  to  pass  a  probe  with  an  eye  up  the  nostril  and 
out  of  the  wound,  and  having  fastened  the  tii)K)  to  it  by  moans  of  a 
piece  of  ritring,  to  draw  it  back  again  through  the  nose." 

As  a  rule,  it  is  long,  sometimes  a  year  or  more,  before  the 
diachar^e  stops  altogether,  and  before  it  is  safe  to  allow  the 
opening  to  close.  Sometimes  a  pormaneiiL  fistula  ia  left.  I^lver 
lias  described  a  visible  pulsation  iu  the  lluid  contained  in 
the  sinus  in  a  case  on  which  he  operated.  Such  pulsation, 
which  might  possibly  give  rise  to  the  idea  of  a  coinmunicatLnl 
pulsation  from  the  cerebral  vessels,  is  really,  i\h  Boeckel  1ms 
shown,  always  met  with  where  there  is  a  naiTow  opening  iuio 
ft  rigid  cavity  lineil  by  a  vascular  membrane. 

Svfrfntraiifm  in  the  ethmnulal  relh,  ori>;inatin;^  in  some  nasal  in- 
flammation, nmy  give  rise  to  aVjsoej^s  of  the  or))it.  In  such  caaofl  pus 
is  discharged  through  the  nose,  and  the  fluid  injected  into  the  wound 
made  in  the  orbit  after  the  abscess  ha.**  been  opened  escapes  in  part  by 
the  same  channel.  Suppuration  K'gimiiug  in  this  situation  is  the 
pndkable  cause  of  such  cases  of  orbitid  cellulitis  as  ajipear  to  be  con- 
[jt^teti  with  ullections  of  the  nose.  We  have  seen,  on  the  other  hand, 
tint  an  abscess  originating  in  the  orbit  may,  if  not  opened,  burst 
through  tlie  ethmoid  into  the  nose.  Priestley  Smith,  Eales,  and  some 
olrler  writers  have  recordp<l  cases  of  caries  and  necrosis  of  the  ethmoid 
Itwliug  \o  exnphtliidn)rw.  Cases  have  boeu  described,  too,  and  are 
rvf.  rr>:Ml  to  by  Herger  in  his  />w«i>w'«  of  the  Ethmoid  arui  Sphiiiovl,  in 
uhii  li  exoplithrthiK's  has  been  a  symptom  of  similar  diseases  of  the 
8Iiheuuid.  In  these  coses  the  optic  nerve  may  bi?  pressed  on  or  in- 
flamed, and  tluis  an  extension  of  the  disease  to  the  optic  foramen  may 
be  the  cause  of  blindness.  FinalU*,  as  a  curiosity,  may  be  mentioned 
a  Ciise  described  by  Miiir,  in  which  an  empyema  of  the  antruiu  spread 
first  to  tlie  ethmoid  cells,  and  then  to  the  orbit,  causing  death  by 
meningitis. 

TtTMorBS  OF  THE  Orbit. — The  orbit  may  Itc  the  seiit  of  both 
simple  and  malignant  new  growths,  and  these  again  may 
primarily  fonu  in  the  orbital  tissues,  or  invade  them  by  exten- 
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sion  from  neiglihouring  \Mix\A.     Some  malignant  iumoim^mtb 
situation  are  metisUitic. 

AlllMincjli.  from  a  cliuitvil  point  of  \*iew,  tlie  most  saliafitfton 
division  of  orbitnl  tmnoura  is  into  simple  and  loalignttit,  ii 
seems  more  convenient  to  consider  them  nccording  Ui  lb 
stnictures  from  wlucli  they  .spriiijr.  The  tumours  whicJi  my 
be  recogiiisetl  according  to  such  a  clossificution  are:-^!' 
Tumours  of  the  bony  wall  of  tlie  orbit;  (2.)  %'ascular  tuiuouj 
of  the  orbit;  (3.)  tiunours  of  the  connective  tL**8ue:  and 'it 
tumours  of  tlie  optic  nerve.  Tumours  of  the  lachrymal  put'i 
are  of  course,  properly  speaking,  also  orbii-aL  Thn  ba^t. 
liowever,  been  referred  to  in  the  chapter  on  affections  "I  ^ 
larhrymal  apparatus. 

Urbital  tumours  are,  comparatively  speaking,  of  rare  occw- 
reuce.  Of  2058  tumours  met  with  by  Billroth,  217  occonM 
in  the  face  and  neck,  and  of  the^e  only  18  were  in  the  <A 
Tumours  originating  in  any  part  of  the  orbit,  though  they 
may  lead  to  the  destruction  of  vision — occasionally,  when  thrj 
set  up  inflammation,  to  destruction  of  the  eye  itself — do  w* 
spread  to  the  eyeball.  A  few  exceptions  are  met  with  ift 
tumoui-s  growing  from  the  optic  nerve,  but  these  are  cxtmnely 
rare.  AVhen,  tlierefore.  a  growt!»  is  seen  to  occupy  Itolh  die 
globe  and  the  oibit,  as  is  by  no  means  uncommon,  it  nwjl* 
inferred  that  tlie  starting-jwint  has  been  the  eye  itsell  A» 
they  extend  witliiii  thi*  orbit,  new  growths  lead  to  more  and 
more  exu])httial(itoH,  and  at  the  same  time  to  more  or  leMiniirlmi 
interference  with  the  movements  of  the  eye,  giving  rise  omx^ 
quently  to  diplopia  as  long  as  the  vision  is  suilicienlly  relniiiwl 
in  the  displaced  eye.  The  direction  of  gi-catest  displacenanl 
aflbrds  an  indication,  too,  of  the  position  occupied  hy  tht 
tumour,  Orowths  of  the  nerve  itself  or  its  sheaths,  or  growths 
which  He  witliin  tht'coneof  mu.scular  fibres  which  exteiub  fp>iii 
the  apex  of  the  orbit  to  the  eyeball,  cause  less  interference  ■! 
first  with  tlie  inuvements  of  the  eyeball,  and  at  the  sauie  time 
displace  it  directly  forwards.  In  the  case  of  growths  isjmngiog 
from  other  parts  there  is  often  a  preponderance  of  displaceioeiit 
iu  some  pnrticidar  diroction.  Gre^it  difler*^nce5  arc  met  within 
the  amount  oF  pain  caused  by  a  tumour  of  the  orbit,  the  malig- 
nant growths  lK»ing  on  the  wliole  more  painful  than  the  Iteuicn 
tiiniours,  l«ut  nnt  s(^  markedly  so  as  to  render  the  degree  of  paui 
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»  pctiut  of  much  practical  diagnostic  iiajKirtance.  The  vision  of 
the  eye  may  remain  j>erfectly  good,  uotwithatamling  consider- 
able proplosis,  but  many  orbital  growths  sooner  or  later  lead 
to  its  destniL'lioii.  The  vision  is  generally  lost  by  neuritis  or 
>tic  atrophy  frouj  pressure,  rarely,  if  ever,  owing  to  the  ner\'e 
actiially  involved  iu  tlie  tumour  growth. 
Tfiiorits  OF  THE  Bony  Wall  of  the  Oicbit. — Osteomata  or 
exostoses  of  the  orbit  are  exceedingly  rare,  1  tiud  tiiitt  out  of 
■^^,000  cases  of  eye  artections  treated  at  Moorfields  Hospital 
luring  five  years,  eight  were  cases  of  this  nature.  Kuapp 
►Und  four  cases  amongst  5(),00U  patients.  The  fre(piency 
therefore  be  taken  at  alxjut  one  in  every  15,000  patients 
iking  advice  at  an  ophthalmic  hospital  ur  ophtluiimic  depait- 
lent  of  a  general  hospiUil. 
Tlie  tumours  consist  of  excessively  hard  close  bone,  like 
iVory  exostoses  elsewhere.  They  are  mostly  found  at  the  upper 
and  inner  angle  of  the  orbit  gi'owing  fmni  the  frontal  bone, 
While  next  in  point  (»f  frequency  ju^e  those  growing  from  the 
ethmoid.  But  they  may  apparently  occur  at  any  part  of  the 
orbit.  They  usually  gi*ow  very  slowly,  so  that  yeai*s  may 
elapse  after  tliey  have  hrst  begun  before  they  attain  any  size. 
Tlie  extension  either  takes  place  into  the  orbit  alone,  causing  a 
gradual  ilisi)lacement  of  the  eye,  to  which  the  eye  may  accom- 
modate itself  to  a  great  extent,  but  whieh  eveulually  causes  its 
destruction,  or  it  amy  take  place  at  t!u^  same  time  into  the 
crauial  cavity  or  the  maxillary  antrum,  according  to  the  situation 
of  the  growth. 

The  etiol^y  of  exostosis  seems  to  Ije  altogether  obscure. 
Tliere  is  genei-ally  not  much  ditlkulty  about  the  (fitrz/nosis — the 
slow  giowth,  excessive  hardness,  iiamohility,  and  direct  connec- 
tion witii  the  bone  being  sufKciently  characteristic.  I  have, 
however,  once  seen  a  mistake  made  in  the  case  of  bone  thrown 
out  round  a  clironic  abscess  in  the  ethmoid.  If  left  alone  they 
do  not  appear  to  destroy  life^  even  if  they  at  the  same  time 
grow  into  the  ci-anial  cavity.  Their  gradual  euhirgemeut  may, 
however,  lead  to  eventual  destruction  of  the  eye. 

Treatment — Frontal  exostoses  may  he  left  alone  as  long  as 
they  do  not  interfere  with  vision  by  pressure  on  the  eye.  Wljen 
tlus  takes  place  they  can  Ix*.  removed  with  almost  complete 
safety  by  dnlling  a  number  of  holes  tlirough  their  base,  where 
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they  are  usually  tliinnest,  witli  a  dentist's  drill,  and  wraplvlijg] 
the  separation  by  means  of  a  small  cireulai*  saw  attached  to  i!ie 
BHme  appiU'atus,  aud  a  hammer  and  chisel     The  latter  shi'olJb*! 
used  with  as  little  force  as  possible,  as  it  may  lead  to  fnu'iaft/l 
tlie  boue  from  which  they  grow,  unless  the  neck  of  iLe  lamc 
has  been  sutficiently  weakenetl  by  the  perforations.    By 
means  the  exostoses  oie  not  completely  i*emoved,  and  a  rej^it 
lion  of  the  operation  may  be  necessary  after  the  la\>se  "f 
years.      Complete  extirpation  has  often  been  eflectcd.  Hui  ii 
risky  in  all  cases  wliere  there  is  a  i)Ossibility  of  some  of 
tumour  extending  into  the  cranial  cavity.     It  has  often— tuxori'] 
ing  to  Berlin  in  twenty-five  per  cent,  of  ti^e  recorded  aises 
exostosis  of   the  frontal  bone — been  folluwed   by  a  fauJ  res«lt 
from  injuiy  to  the  brain.     The  restdts  of  extirpation  of  exosVi 
of  the  ethmoid  have  been  much  less  unfavourable 

Vasculah  Tumouks  of  the  Okbit. — Nwvi  are  occaiiom 
met  with  exteudiug  fi'om  the  skin  of  the  face  into  tJie  orbit 

Some  years  ago  I  remove*!  at  the  Edinburgh  Infirmary,  wilk 
assistance  of  Dr.  MacGillivray,  a  tumour  entirely  com  f josed  of  liW- 
vessels,  which  extended  from  behind  the  glolje  forwnjils  under  lh> 
conjunctiva,  thus  embrucing  the  complete  inner  half  kA  the  eye,  which 
it  nearly  equalled  in  vohiiia'.  It  wiia  not  eouiicctetl  with  any  vnsraUf 
tlilatatjon  on  the  skin,  and  apparently  received  its  bKxKl  supply  fruOL 
the  lingular  artery.  It  liad  been  j^rowing  for  many  years.  Tln-re 
boeu  no  recurrence  iluring  the  six  years  whi<:h  have  elajjaed  Riao*> 
opemtion,  and  the  eye  has  jiorft'ct  vision,  though  it  \»  citusidi-mWf 
Rtricted  in  its  movements  inwards  from  the  cicatricial  tissue  which ' 
formed  in  the  position  of  the  anterior  portion  of  the  growth.  I  have 
seen  one  other  very  similar  case,  where,  however,  the  tumour  was  not 
BO  lar^e,  which  came  under  the  care  of  Dr.  Duncan  at  the  lulialmrgh 
Royal  Inlirmary,  lunl  was  treated  by  him  by  eleetndysis. 

Cavernnus  vasculur  tuinoui's  have  been  described,  bvit  are  very 
They  apjK^ar  to  Ik-  most  ci^iumuidy  situated  within  the  cone  oi  <»• 
nuiKclo.s.  They  have  all  IxMiu  of  excessivoly  slow  growth,  and  aw 
eharacterisoii  by  more  or  leas  marked  dilTerences  in  the  dei|iv»'  of 
exophthalmos  to  which  they  give  rise,  aceonling  to  the  cxU'iit  to 
which  the  erectile  tissue  of  wliich  they  are  composeil  is  cnj^tJivoL 
The  existence  of  such  a  tumour  might  be  8U8j>eeted,  if,  by  any  coih 
ditiou  which  gave  rise  to  engorgement  of  the  vessels  of  the  KmJ, 
exophthalmos  was  distinctly  increased  in  amo\mt.  They  can,  tot>, 
geiiendly  iMnpticd  by  pre.'^uro  on  the  eye.  They  are  jminlea*  auJ 
exceedingly  slow  gn>wt!i,  if  not  sometimes  altogether  stationary.  ' 
ly,  by  the  bursting  of  a  vessel  and  tlie  consequent  extnivasiti 
a  sudden  increase  in  the  exophthalmos  may  take  {Jaco  t 
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^JHHDniuiUun  of  a  sang^iineous  cyst,  as  in  a  case  recorded  by  LawHott. 
f%kbolilli8  have  oleo  in  soDie  catjes  been  found  embedded  in  the 
tumour 

Fowler  aud  Wiesner  have  described  cases  which  appear  to  have 
bei»n  lyniphan^omalfl.  In  tliese  there  was  an  absence  of  comppcssi- 
bility  a.nd  of  temporary  engorgement,  but  interference  with  the  mov*^ 
mcDta  of  the  eycbolL 

The  l)est  Matmtni  for  such  tumours,  as  well  as  for  nitvi  iu 
the  orbit,  ia  probably  electrolysis. 

Tl'MOURS  of  the  CONNTiCTIVK  TISSUE,  &C.  OF  THE   OUBIT. — 

Tlitnse  lire  simple  or  malignaut,  tlie  latter  being  more  common. 

The  simple  tumourH  met  with  are  cysts  and  lymplm- 
detiomata.     The  eystJs  are  either  dermoid  or  liydatid. 

I  have  not  met  with  a  case  of  dermoid  cyst  of  the  orbits  One  case 
was  operated  on  by  AValker  in  the  Edinburgh  Koyal  Infirmary  iu  1867. 
Tlie>'  ftpj>eAr,  however,  not  to  be  extremely  rare  :  Berlin,  from  whom 
the  following  account  is  taken,  collected  records  of  seventy-three  cases, 

id  u  few  have  been  described  since  his  monogmph  was  publishul. 

ley  are  fcetal  structures,  with  contenU  similar  to  those  met  with  in 
the  case  of  Himilar  cysts  elsewhere,  only  with  a  t^-ndcncy  to  greater 
fluidity.  While  some  have  containetl  hairs,  epidermic  scales,  and  fatty 
mutter,  and  even  in  one  instance  a  tooth,  others  have  been  HIJcjI  with 
a  niurw  Huid  albxxminous  material.  They  are  usually  unilocular,  but 
(«>mL'timf«  divitled  into  cavities,  and  have  been  met  with  of  all  sizes  up 
to  thnt  of  a  goose's  egg.  They  lie  outside  the  muscular  cone,  ami  are 
wirnetimes  pretty  tirmly  attached  to  the  apex  of  the  orbit.  They 
slowly  incivuse  in  size,  generally  being  large  enough  to  attract  attention 
hrfore  the  patient  reaches  the  age  of  twenty. 

The  diagnoaii  is  ditticult  in  all  cases,  but  least  in  cases 
where  tliere  is  fluctuation,  and  a  history  of  the  condition  being 
proljubly  congenital  With  the  exception,  perhaps,  of  some  true 
(fptic  nerve  tumours,  the  congenital  conditioiis  which  cause 
exoplithalmos  are  only  dermoid  cysts  and  angiomata.  As  tiiey 
^'0  uu  increasing  in  size,  the  trcatmait  consists  in  removing 
them  as  thonjugbly  its  {xxssible. 

A  curious  variety  of  orbital  cysts  has  l)een  met  with  by  Talko  and 
others  in  cases  of  anophthalmoa  and  microphtluUmos,  which  appears 
tu  Ik*  a  cystic  degeneralit'U  of  more  or  less  of  tlie  embr)*onic  structures 
whicli  should  go  to  furm  the  eye.  This  is,  however,  only  a  curiosity 
and  of  no  i»mclical  importance,  besides  being  of  very  rare  occurrence 

Hyilatid  cysts  are  comparatively  rarely  met  with  in  tlie 
orbit,  and  in  this  countr}',  where  the  echinococcus  is  altogether 
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not  very  frequent,  exophtluilmoa  due  to  this  cau»e  is  proUtAy 
much  rai'er  than  that  resulting  from  a  dermoid  erst  The 
diagnusis  cannot  well  l)e  made  ^vith  any  certainty  ;  proUjUy.ii 
most  causes  tluctuiitiou  can  be  made  out,  and  tlie  fact  of  tbi 
exophthalmos  l>eing  only  recent  might  help  tu  diflcreniiale  H 
from  a  dermoid  cysL  An  explonitory  puncture  should  be  mA 
in  a  doubtful  case. 

Tho  only  case  whicli  I  huve  had  the  opportunity  of  seeing  oocumid 
at  MoorliclJs,  and  was  there  operaUnl  un  by   LyelL      In  thai  tm 
nem-itifl  ami  optic  atrophy  ])recfi4UM  tho  exophthalmos,  which  evrntn- 
ally   hecamo  so   jjireat  that  slou^hinj^'   of    the   c»>rneu  '    - 
place,  when  the  [lalient,  uftur  au  altycuct'  of  suuiu  moi: 
himself  aj^aiu  at  the  hospital.      Evigcenttion  of  the  oihi; 
decided  uii,  and  the  eye  lirHt   removed.     Ou  preparing  to  •! 
the  tumour  with  scissors  the  wall  of  the  t-yst  was  opened,  aji  i 
gushed  out,   and  woa  foUowud  by  enuiplete  collttjHWj   of  Ih- 
These  cysts  have  been  met  witli  in  all  partii  of  tlie  orbit     Tl, 
rally  give  rise  to  pain,  and  appear  to  l»e  more  common  K' 
after  twenty.     Perlbratiou  of  the  cyst  into  the  oianial  canty  hii*  to« 
described. 

Only  a  very  few  cases  of  cysticercus  in  tlie  orbit  have  bren  docriW 
two  of  which  have  occurred  ui  this  country,  and  were  rvconW 
resjHJctivciy  by  Bowmim  and  Higgeus. 

Lymimudknomata. — A  few  cases  of  non-malignant  primttiy 
s^Tnmetrical  tumours  in  both  orbits,  the  site  of  which  api<a* 
to  buv(^  Inien  ontv=iile  the  cone  of  muscles,  and  near  ll» 
periosteum,  have  been  described  by  Leber,  Gayet,  and  others 
The  blood  in  some  of  these  cases  has  been  found  to  contain  > 
great  excess  of  white  corpTiscles,  their  pro|x>rtion  l-o  f' 
Ijciiig  as  one  to  five  or  one  to  four.  They  have  been  •!'  - 
ainl  no  duubt  correctly,  as  l}'mphadenomata.  Tlie  agea  ol  tto 
patients  in  the  cases  so  far  recorded  have  ranged  fr»tu  fwff 
to  seventy.  The  prognosis  is  bad.  In  one  case  the  tumour*  dis- 
appeared spontaneously  previous  to  the  death  of  the  pnticnt; 
in  two  others  a  cure  was  elTectetl  liy  extir]>atiou.  which  thfretf 
good  reason,  howevei*,  to  believe  might  not  always  W  pntsaw* 
with  the  retention  of  the  eyes,  and  therefore  hardly  justifi*!^' 
except  when  they  may  have  already  produced  blindnessw  Thf 
disease  is  one  which,  though  rare,  de-serves  further  attention. 

Malignant  Tumours.— The  primary  malignant  tunioun  of 
the  orbit  are  mainly,  if  not  entirely,  sarcomata-     Carcinonutfi 
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do  occur,  but,  except  in  the  cases  of  tumours  of  the  lachrymal 
gland,  tliey  are  pro))al>Iy  always  metastatic.  They  seem,  too, 
to  l»c  of  nire  occurrence;  only  one  case  after  sciitIius  of  the 
miitnma  has  come  under  my  observation,  aud  was  shown  to  mc 
Inr  Dr.  Cotterill  of  Edinburj^h.  Primary  saivoma  of  the  orbit 
is  usually  nou-pigmented,  but  melanotic  sai*eonia  has  l»een  met 
wilh  orijjiiially  growing  from  the  orbital  fat.  It  is  moat  fre- 
quently, however,  an  extension  from  an  intraocular  tumour. 
Various  forms  of  sarcoma  occur  in  the  orbit,  much  tlie  luosC 
freqoeut  being  the  round  and  spindle-shaped  vaiietiea  The 
inpidity  iif  tlieir  growth  depends  partly  upon  the  tumour  itself, 
and  partly  on  the  age  of  the  patient.  Round-celled  sarcomata, 
IIS  elsewhere,  are  the  most  malignant,  while  the  younger  the 
patient  the  greiiter  is  the  teudeucy  to  rapid  growth.  The 
tumour  may  extend  to  the  brain,  and  also  to  the  antrum,  tem- 
poral fossil,  &c  Sarcoma  of  the  orhit  is  usually  painful,  more 
at  all  events,  than  most  simple  orbital  tumours.  It  is  URually 
1.  althtiugh  sometimes  early  removal  may  aU<)gether  eradi- 
cate the  <lisease>  Occasionally  the  growth  stops  spontaneously, 
Aud  the  tumour  undergoes  various  degenerative  changes.  This 
i«,  however,  an  occurrence  of  such  rarity  that  it  can  hardly  be 
regarded  as  of  any  practical  importance.  The  trmimeni  con- 
asts  in  removing  the  contents  of  the  orbit  as  thoroughly  as 
possible 

TcMorRH  OF  THE  OPTic  Nekve  are  of  rather  rare  occurrence. 
They  have  Iteen  dividcti  by  I^eber  into  true  or  ejisential  and  iion- 
tacniiaJ  optic  ner\*e  tumours.  The  first  are  those  which  spring 
originidly  fn»m  the  nerve  itself;  the  second  spring  from  the 
sdjeath,  involving  the  nerve  secondarily.  Only  the  first  are  here 
referred  to.  Altogether,  probably  not  more  tlian  seventy  eases 
hiiVM  l>cen  recorded.  During  the  last  ten  years  three  cases  have 
Ifwu  met  with  at  the  Ethnburgh  Koyal  lutumary.  One  tumour 
Wiw  removeii  by  Dr.  Argj'U  Robertson  ;  the  other  two  happened 
U)  U>  un<ier  my  care.  Tuuioui-s  of  the  optic  nerve  have  mostly 
*iccurred  in  early  life,  })eing  possibly  sometimes  congenital.  As 
the  muscles  are  not  involved  in  the  tumour,  the  movements  of 
ihcf  cyp  are  generally  relatively  goml,  even  when  the  prrtptosis 
is  considerable.  The  eye,  though  as  a  rule  simdu  rendered  sight- 
let*,  remjiins  intact  until  the  protrusion  is  so  great  that  it  can- 
not be  covered  with  the  lids.    Until  the  cornea  becomes  affecteil 
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fiiiiu  exposure,  there  is  complete  absence  of  pain.  A  vmrofr 
sidenible  degree  of  nntero-posterior  tlatteiiiDg  of  lli'- 
trtke  place  as  the  tumour  increases  in  size.  The 
enucleated,  may  thiis  have  tui  appeiinince  which  i»  differrtii  ia 
this  resiMH't  from  that  caiiseil  hy  i>ther  orhiUil  Uiuuiur^ 
ousl}'  enough,  no  subjective  st-naaLions  of  li*;lu  haw 
recorded »  although  the  neuritis  and  atrophy  which  uccmuj 
the  growth  of  the  tumour  show  that  the  nerve  fiiires  niitfl 
pressed  \\\xm, 

A  suspicion  that  a  tumour  in  the  orbit  wiis  of  thb  Qimi 
should  be  raised  by  the  uiovements  of  the  eye  1  ' '" 

the  early  though   not  absolutely  sudden   loss  ol 
tlio  comparative  absence   of  puin ;    but   the   rfut^pMiu 
always  be  made  with  auy  certainty.     In  some  cases  of 
of  tlie  orbit,  suddtm  blindness  may  LM>nie  on.  probably  owiiia.* 
in  a  aise  of  Leber's,  to  compressioa  from  hiemorrli*ige. 

The  progress  of  these  casea  of  optic  nerve  tunionr  is  *^ 
slow,  generally    lasting    for    many   years.      Mi>st   liavc  ^ 
myxomata.  or  combinations  of  otlier   forms   of   tumour  *iA 
mucoid  tissue.     Next  in  frequency  come  fibromata,  ns  in  lO* 
recorded   by   Brailey.       A  tnie   neuroma   has   only  ouce  I* 
described  by  Perla     The  tumours  have  as  a  nile  not  in^-l 
the  outer  sheath  of  the  nerve.     The  result  of  o|)eratinii  Ha*  ' 
generally  been  satisfactory.     In  one  of  the  cases  in  wliicb ' 
rcmove<i,  and  which  has  been  recoixled  by  Sym,  no  recumiw 
tttok  place.     The  tumoiu*s  are  always  found  to  be  en«i|i«iW- 
but,  unless  remove<^l  at  a  compamtively  early  stage,  mat  \^^ 
spread  too  fur  backwards  along  the  nerve  to  admit  of  conipleto 
removal 

TUMOlTRfl   WHICH   EXTEND  TO  THB  OrBIT  FROM 
ADJACENT  PAfiTS. 


Ekcephalo<^"ELE. — Of  ninety-three  case^  of  encephaUKt'kl'i? 
records  of  which  have  been  collected  by  liajib,  sixtc-en  txturwl 
in  the  naso-frontal  region.  Some  of  these  did  not  extend  iuWti* 
orbit,  so  that  iMiccphal<x?ele  in  tlmt  situation  is  certainly  u  \'*^^ 
rare  occurrence,  although  the  possibiLty  of  iis  i.vi.U'iH*'  ^h":!- 
be  borne  in  mind. 

The  diagiwm  coidd  hardly  be  a  matter  of  dilhcidtv,  w/vea- 
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been  the  case,  the  appearance  pre5ente<l  is  that  of 
I'ing,  somewhat  transparent,  and  more  or  less  distinctly 

jj .i.:i;-'  tumour  at  the   inner  angle  of  the   orbit,  pressure  uu 

which  causes  its  ilisappearauce.  anil  at  the  same  tiiue  gives  rise 
t"  ■^yniptuma  of  cerebral  irriUitiou.  The  history,  too,  of  its  being 
'  "iipniiuil  is  of  diagnostic  importance.  In  some  eases,  however, 
Uiere  have  Ijeen  complications  which  have  rendered  the  diagnosis 
difticnlt ;  thus  the  encephalooele  has  been  completely  shut  off 
fn»ai  the  cninial  cavity  so  as  to  fonu  a  true  cyst,  or  the  skin 
covering  it  has  been  abnormally  supplied  with  blood-vessels, 
L'iNing  nse  to  the  appearance  of  a  nievus.  In  such  cases  the 
upjiearance  of  hydrocephalus,  as  Berlin  suggests,  would  weigh 
in  favour  of  the  growth  Ixnng  an  encephalocele,  and  further 
t-vidence  M-ould  l>e  aflbrded  by  tlie  condition  ]>t»ing  bilateral,  or 
I'y  the  presence  of  an  imdaubted  encephakfcele  in  some  other 
!<ituatioD.  The  large  ami  mindly  growing  tumours  of  this 
uature  soon  prove  fatal,  generally  in  the  first  few  weeks,  so  that 
it  is  only  in  the  cjise  of  the  smaller  ones,  where  it  becomes 
|Mjssible  for  the  patient  to  attain  to  full  gi'owth,  that  there  is 
liktly  to  be  any  doubt  as  to  its  nature.  In  any  case  it  is 
prxliably  safest  to  avoitl  interference. 

Na&al  Polypi  sometimes  extend  into  the  orbit  and  cause 
disjilacement  of  the  eya  I  have  seen  a  east*  of  this  nature  along 
with  Mr.  Miller  of  Edinburgh.  More  or  less  complete  blindness 
is  tJius  produced  by  pressure.  Sometimes,  as  in  a  case  recorded 
by  Priestley  Smith,  the  pressure  seems  maiidy  to  be  exerted  at 
tlie  optic  foramen,  owing  to  the  erosion  of  the  sphenoid  by  the 
myxomatous  grow^ths. 

Tumours  of  the  t'tkmmd,  sphenoid,  and  antruvi  nniy  spretid 
to  the  orbiu  Primaj-y  sphenoidal  tumoiu-s  appear  to  be  very 
rare. 


In  a  case  of  a  woman  of  fifty,  under  Dr.  Affleck's  charge  at  the 
)yal  Infirmary,  in  which  1  Imd  the  op|Mjrtunity  of  seeing  both  the 
tptomd  during  life  and  the  apiwarances  on  j*^*»t/-Wrt**^e»J  examination, 
catrinoiua  growing  from  the  sphenoid  passed  into  both  orbits,  causing 
tot  neuritis  and  atrophy,  and  afterwards  imjplosis.  A  niasa  of  the 
lumuur  was  alsu  found  to  have  pati^sed  into  the  eranial  cavity,  and  yet 
\\\K'  only  marke*!  5yini)tom  which  was  observed  imtil  shortly  l>efnre 
dc*th,  wliich  took  place  from  ujeiuiigitis,  was  jwlyuria.  In  other 
f%tt%  there  has  been  a  siirdlar  absenct*  of  cerelmd  symptoms,  but  more 
ircquently  the  (latients  have  been  subject  to  epileptiform  attacks. 


420 


DISEASES  OF  THE   ORBIT. 


TtJMOiTRs  OP  THE  Lids  and  Skin  of  the  Face— epitheiuuM 
principilly — may  spread  eventually  int^  the  orbit  and  cm 
exophthalmos. 

In  one  case,  which  wm  for  several  years  under  my  IrotoMal  I 
lupus  of  the  face  extended  to  thn  eye  and  orbit,  forming  a  ni»  i 
the  eye  aa  largo  bb  the  globe  iteelf.  1  hrst  removed  the  eye  janlt* 
tents  of  tlie  orbit,  and  scraped  away  with  the  sharp  spoon  laJ  bA 
the  lupus  of  the  skin  of  tlie  cheek  and  side  of  the  uo*e.  Twu  vr* 
afterwards  tlie  patient  returned  with  a  rccurrtnce  of  the  growth  mli« 
orbit,  untnini,  and  temporal  fossa,  which  I  removed  wilb  prrrr-"*'^ 
the  bone  of  the  face,  hut  not  thoron^bly,  as  some  months  iill- 
having  decided,  on  consultation  with  Mr.  AnnandaJe,  th»l  \\\f. 
chance  was  excisiun  of  the  upper  juw,  he  performed  that  I'i'J 
after  a  preliminary  tracheotomy,  and  very  completely  cleami  awayl 
tumour  from  \\\\  its  apparent  connections,  even  the  b>ly  d 
sphenoid.  The  patient,  however,  died  of  pneumonia  some  dsiv 
the  operation.  In  this  case,  as  was  suggested  by  Dr.  JamJeMft,' 
saw  it^  and  as  was  conlinned  by  microscopic  examiuatioDf  lh«  loj* 
evidently  had  undorgtJue  carcinomatous  change. 

AXEURISM  OF  THE  Obbit. — Two  very  important  miMwigapb 
on  the  subject  of  aneurism  of  the  orbit  have  appeared  in  veasA 
years,  the  first  by  Iliviiigton,  in  the  fifty-eighth  vohune  of  tb 
Mrt/mi'CJiimrg'ical  Socicfyn  Tranmrfwt}.%  and  the  Bi-comi  br 
Sattler  in  the  Ha-iulhook  of  OphthalmoUMjif,  edited  by  Graefr  and 
Snemisch.  To  these,  and  especially  to  the  latter,  I  must  rdff 
the  reader  for  a  discussion  of  many  points  of  difficulty  aflJ 
uncertainty  in  connection  with  the  pathology  and  iliagnosis  of 
this  condition. 

Aneurism  of  the  orbit  is  certainly  a  rare  afiectiou,  tbongfa 
probably  not  so  rare  as  would  appear  from  the  nutnlier  of  ca» 
pulvliglied  up  to  the  time  of  Sat  tier's  monograph.  Satlltr  otl- 
lected  records  of  one  hundred  and  six  cAses  from  the  literatuivrf 
ratlier  more  than  seventy  years.  Apart  from  the  fact  thtit  roiDy 
cases  remain  unpublished,  in  this  countr}''  at  all  events — aiKi«' 
Hucli  I  have  myself  seen  thnn*,  and  heard  of  several  more — lb"? 
attention  which  has  recently  l»een  druwn  to  the  subject  by  the 
nuinographs  already  mentioned  has  led  to  the  publication  sine 
their  appearance  of  a  relatively  much  larger  uunibor  of  otftt 
Thus,  hi  the  six  years  following  Sattler's  work.  1881-S6. 1  finii 
rcconls  of  twenty-five  cases. 

The  aneurismal  protrusion  of  tlie  eye  is  usually  on  the  "W 
aide  alone   but  may  be  bilateral.     Bilateral  aneuriam  occanrd 
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in  dx  of  tlie  oue  hundred  and  six  cases  collected  by  Sattler. 
ft^nd  tliree  have  since  been  recorded  by  Secoudi.  Hoffmann,  and 
Neiden  respectively.  They  form,  therefore,  probably  nlxnit  seven 
per  cent,  of  all  eases. 

The  symptoms  of  aneurism  of  the  orbit  are — exuphtliahiuts 
ith  pulsation  to  be  felt  over  the  eye,  and  a  more  or  less  con- 
uous  murmur,  wliich  can  be  heard  over  the  foreliead  and  eye. 
n  pressure  over  the  protruded  eye  it  can  to  a  great  extent  be 
i^plttced,  and  on  relief  of  tlie  pressure  it  immediately  returns  to 
ita  fnrmer  position.  The  vessels  of  the  lids  are  givAtly  dia- 
nded,  and  the  lids  themselves  red.  The  retinal  veins  are 
nmd  on  ophthuhuoacopic  examination  to  be  very  greatly 
ted,  often  exhibiting  a  marked  pulsation,  while  at  the  same 
me  the  arteries  are  usually  diminished  in  calibre.  Thei-e 
sometimes,  too,  be  found  an  appearance  exactly  like 
tis. 
The  subjective  symptoms  com]>lain('d  of  are  pain  and  noises 
the  head  and  ears.  The  pain  may  l>e  excessive,  and  is 
nerally  most  distressing  at  au  early  stage  of  the  affection. 
e  noises  appear  to  be  much  more  troublesome  in  some  crises 
an  in  others;  they  sometimes  greatly  interfere  with  sleep. 
They  cease,  or  are  much  diuiiniahed  in  intensity,  by  compres- 
sion of  the  common  carotid  aru*ry,  which  at  the  same  time 
causes  the  murmur  and  pulsfition  over  the  tumour  to  disappeai'. 
Wlien  the  aneurism,  as  is  usually  the  case,  is  suddenly  formed, 
the  patient  is  conscious  of  a  great  noise,  which  is  sometimes 
descrilKjd  as  like  the  report  of  a  iiislul  or  the  crack  of  a  whip,  in 
the  head. 

Aneurism  of  the  orbit  may  l>e  either  idiopatiiic  or  traunuitic 
The  latter  is  caused  mainly  by  severe  injuries  to  tin-  head^ 
vrhich  liave  generally  at  the  same  time  produced  fracture  at 
the  base  of  the  skull.  A  few  cases  have  been  the  i-esidt  of 
penetratuig  wounds  in  the  orbit.  Traumatic  orbital  aneurism  is 
most  common  in  men,  who  are  more  exposed  to  accidents,  than 
women,  Idioi>athic  orbital  aneurism  on  the  other  hand,  bus 
l>een  met  with  more  often  in  women  than  in  luen.  Sattler's 
statistics  give  over  seventy  per  cent,  in  women,  and  from  tliirty 
to  hfty  as  the  most  conmiou  age  for  its  occurrence. 

There  are  a  goftd  many  different  possible  cjiuses  of  aneurismal 
pTOptoais,  and  no  doubt  most  of  these  have  actually  happened. 


D/S£.4S£S   OF  THE   ORBIT. 


e  following  have  been  demonstrated  on  posi'mmiati  eiamiM-^ 
ion : — spoulaneous  as  well  as  traumatic  rupture  of  tli'- 
arotid  artery  ui  the  wivernons  sinus,  aneurism  of  theojn 

ery  in  the  orbit,  and  of  the  same  artery  in  the  cniHiiUD.  Tbf 
rst  is  undoubtoilly  by  far  the  most  frequent  cause.    The  efftrf 
of  the  giving  way  of  the  arterial  wall  in  this  t>ositii:in  is  W 
cause  an  increased  pressure  within  the  sinns,  and  a  cousequenl 
retj^rdation   of  thi-  cunxMit  in  the  f>rbital  veins,  aud  therrfim^ 
mainly   in    the    ophthalmic   vein.      I'nlsntion,  however,  as  ii 
jX)inted  out  by  Sattler,  proluibly  only  begins  when,  after  diUtt- 
tion  of  the  veins,  the  Idood  cuiTcnt  is  reversetl  in  them,  m  tkil 
arterial  lilooil  courses  through  the  dilatet^i  ophthalmic  veiu.  On 
tJjis  account  it  is  generally  found  that  some  consideraMe  liiw 
elapses  between  the  occurrence  of  the  lesion  which  has  caoK<I 
the  rupture  and  the  establishment  of  a  pultuiting  linuoiir  in  llie 
orbit  with  exophtlmlmos. 

The  prognoaiiy  of  orbital  aneurism  is  Iwd  as  far  as  the  niitm 
goes  when  the  case  is  left  tn  itself,  but  the  condition  8«w 
rarely  to  CiUjae  deatli.  A  few  cases  hiive  undergone  a  sixintanet'iB 
cure,  pnjbably  from  thrombosis  whicli  has  spread  to  the  awft 
anil  has  eventually  even  led  to  a  closure  of  the  aperture  in  ibftj 
arterial  walls. 

The  trcatiiuiU   of  orbital   aneurism   may   Vte   divided  into" 
medicAl  and  sui-gical  treatment.     The  fact  that   several  spoo- 
taneouH  cures  have,  tjikrn  place  might  well  encourage  a  trial 
sncli  measures  as  are  likely  to  diminish  the  blood  pressure  m 
favour  coagulation,  before  resorting  to  any  more  radiciU  intpf" 
ference  with  the  circulation  of  the  parts  affected;  and  inilt 
by  rest,  low  tliet,  local  or  genend  blood-letting,  the  applicatu 
of  ice  compresses  over  the  orbit,  and  the  internal  a(lndni»tium 
of  tincture  of  veratria,  iodide  of  potassium,  &c.,  good  result 
appe4ir  actually  to  have  been  obtained.     Thcorcticjilly  it  woe 
seem,  however,  very  nnlikely  that  such  treatment  would 
Bullicient,  except  in  some  cases,  probably  for  the  meet 
iiliopatliic,  where  an  actual  aneurismal  ililatation  of  the  artfi 
at  the  site  of  its  nipture  exists.   There  is  good  reason  to  supp 
that  such  cases  are  comparatively  rare,  and  as  a  getieral 
surgical  interference  is  called  for  in  addition  to  medical  ti 
ment.    Various  methods  calculated  to  lead  to  coagulatioD  in  ll 
esselK  r>f  tlic  nrbifc  have  been  from  time  to  time  tried.    0 
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tbe  safest  is  tmdoubtedly  elecLTolysis.  This  treatment  is 
'^t-  likely  t^j  lead  to  sutlicient  co^nktion  in  the  case  of  the 
^^Jluiuon  cause  of  aneurism  of  the  orbit,  viz.,  rupture  of  the 
*^rt>rid  in  the  cavernous  sinus,  to  effect  a  fimi  closure  of  the 
Wfeacli  in  the  arterial  wall  against  an  undiminished  blood  pres- 
sure 


r 


It  has,  however,  be«n  successful  in  some  ca«e«  of  aneurism,  and 
^•^  po  in  one  case  which  was  undr-r  Dr.  Argyll  Robertson's  cure  at 
^fee  EdiuViurgh  Royal  Infirmary*,  an*J  in  which  Dr.  Duncan  operated 
">•  t^lectrolysiB.  The  aneurism  was  the  result  of  a  penetratiug  woiuid 
^f  the  orbit,  and  may  therefore  have  not  imlikely  been  a  spurious 
•iieurism  of  the  ophthalmic  artery.  Such  casuit,  a«  well  as  perhaps 
•oine  iithera  of  the  more  common  nature  referred  to,  where  at  the 

IJfttoe  time  an  aneurismal  sac  has  formed  at  the  seat  of  the  rupture, 
the  only  ones  Hkely  to  }>e  benefited  by  electrolysis  alone,  combined 
ith  proper  medical  treatment. 


:V  hti-^er  range  of  usefulness  might  be  expected  by  coml»iuing 
electrolysis  with  intermittent  or  constant  digital  compi-ession  of 
the  common  carotid  on  the  affecteil  side.  Compression  alone, 
thougli  it  biis  leil  to  a  few  cures,  has  on  the  whole  been  unsuc- 
OesBful :  still  it  should  always  be  given  a  trial  before  resorting 
to  ligature,  and  especially  would  it  be  advisable  to  make  the 
trial  in  c^mjunction  with  electrfilysis.  Li^niture  of  the  common 
carotid  has  proved  successful  in  rather  over  sixty  per  cent  of 
the  recorded  cases  in  which  it  has  l»een  tried.  The  cure  has 
usually  lieen  effected  within  six  weeks  after  the  operation, 
thotigh  in  some  instances  it  has  been  delayetl  for  a  good  many 
months.  When  it  fails,  the  treatment  should  consist  first  in 
digital  compression,  and  afterwards  ligature  of  the  other  carotid, 
which  has  in  two  cases  at  letuit  been  successful  In  case«  in 
which  recurrence  takes  place  after  ligature  of  the  carotid,  it  has 
nsually  done  .so  very  shortly  after  the  oi>eration ;  and,  indeed, 
as  a  rule,  it  is  not  many  lioui-s  after  the  sttippage  td'  thi.s  channel 
that  the  pidsation  and  murmur  over  the  tumour  make  their 
appearance,  even  in  the  cases  which  are  eventually  cured  by  the 
ligature.  Some  aises  have,  however,  only  recurred  after  an 
inter\'a)  of  several  months. 

Injuries  to  the  Orbit — Bleedtnc.  into  Tenon's  CArsuiE. — 
A  disagreeable  and  somewhat  alarming  contretemps  occurs 
occasionally  during  the  perfoiinance  of  tenotomy  of  the  recti 
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muscles  for  strabiamiis.     All  nt  once  the  eye  is  fouinl  to  h 
to  protrutle,  and  iu  ii  few  seconds  becomes  rigidly  fixed,  so 
if  the  operation  is  not  completed,  it  then  becomes  impoesible  \a\ 
complete  it,  and  indeed  the  lids  can  hardly  Ije  sej»arat^.     Thisi 
is  due  to  bh?eding  into  Tenon's  capsule.     I   have  obeervtKl  iW 
altogether  about  a  dozen  times,  both  in  n)y  own  practice  anc 
that  of  others.     Generally,  it  is  owing  to  the  opening  made  iaj 
the  capsule  being  t«x>  small  for  the  e8C4ipe  of  blood,  which,  whcoj 
an  iinuBually  free  bleeding  occurs,  may  take  place  into  ll 
capsule,  from  which  it  cannot  l»e  dislodgexl  even  if  the  openii 
be  at  ouce  made,  as  it  rapidly  passes  all  round  the  eye  andj 
coagulates.     Often   at  the   same   time   there   has  lieen    flomi 
8tr\iggling  on  the  pirt  of  the  patient,  or  some  lUflScuIty  ti 
respiration   when   an   auitsthetic   has   l^eeu  given,  which   hf 
favoured  the  bleeding.    No  doubt  in  the  cases  in  which 
occurs  a  somewhat  larger  vessel  than  usual  has  been  cut  hci 
and  it  is  said  by  some  that  this  is  likely  to  hapjien  if  the  sciasors^ 
be  made  to  cut  too  deeply  and  too  freely  near  the  caruncle.     In 
my  own  experience,  however,  I  have  fmind  it  just  us  liable 
happen  where  the  incision  is  altogether  away  from  the  reginn 
the  caruncle.     No  harm  seems  ever  to  result  from  this  accidenl 
beyond  a  ver>'  black  eye.     When  it  occurs  the  patient  shouh 
be  kept  in  bed  for  the  tlay,  and  ice  compresses  applied  ov 
the  eye    for    some    hours   until    the    swelling    becomes    lea 
tense. 

Other  cases  of  effusion  of  blood  inside  the  orbit  are  caused 
by  perforating  wounds  or  injuries  to  the  head,  which  have  uauallj 
at  the  same  time  led  to  fracture  of  some  of  the  Vhuics  of  tl 
orbit.     Proti-usion  of  tlie  eye  from  ha'Uiorrhago  into  the  tiBsui 
behind  it  is  a  condition  which  may  gencmlly  Ite  inferred  to  h 
present  when  the  proptosis  has  taken  plac«  suddenly  itfcer 
severe  blow  on  the  head.     It  is  a  symptom  of  great  gra\ity, 
even  the  few  cases  which  have  l>een  recorded,  where  tht>re  ha 
been  no  fractiu-e  of  the  orbit,  have  ended  fatally,  while  it 
almost  a  certain  indication  of  such   a   fracttire.     SometiJ 
indeed,  there  can  be  no  doubt  of  this,  as  the  blood  escajw/s  l»; 
the  nose  or  mouth.     That  which  is  caused  by  a  perforati 
wound  is  not  so  serious,  and  generally,  if  it  has  not  cause* 
an    aneurism,   becomt*s   ah8orl>ed    in    a    few    weeka      Btisidi 
the  exophthalmos  caused  by  the  luemorrliage.  there  \& 
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<v  less  occhyujosis   pn»dueeil    after  some    time    iu    the    con- 

junctivH  and  lids,  which  renders  the  diaguoaia  of  the  cause  of 

'ie  protrusion  &a&\.    It  appetirs  to  he  douhtful  if  spoutiineoufl 

'iatniiirrhnge  into  the  orbit  ever  occurs, — at  all   events  it  is 

©Xtreniely  rare. 

T\liere  there  is  a  fracture  of  tlie  orbit  it  not  infrequuiitly 

'J-*|)|)fn8   that  the  line  of  fracture  passes  through    the  optic 

*^<^-»nmjen,  and  thus,  by  laceration  of  the  nerve  or  hifuiorrliage 

**aw  its  sbcuth.  gives  rise  to  sudden  blindness.     Fractures  ttf  the 

*^iwpn  of  the  orbit  alone  have  been  met  with,  but  are  rare 

^«ddent«. 

FoBKiGN  Bodies  in  the  Orbit. — Foreign  bodies  of  different 

may  become  lodgeil  in  the  orbit.      Oftiui  this  accident 

tppens  without  the  patient  being  aware  that  anything  has 

■titered  tlie  orbit.     For  inst-ance,  it  may  result  from  a  fall  on 

)me  sliarp  piece  of  wood  or  branch  of  a  tree  whicli  lias  broken 

off  and  reintuned  embeddeil  in  the  orbit,  but  uot  observed  owing 

Xio  the  patient  being  at  the  same  time  stunned.     At  other  times 

it  is  caused  by  the  breaking  off  of  a  knife  or  some  other  wea}>on 


Fig.  106. — Piece  of  cky  pip©  aiem  rtunovod  from  the  orbit. 

with  which  the  patient  has  been  accidentally  or  intentionally 
wounded  in  this  situation.  Several  foreign  InKlies  even  may  be 
li:Klged  iu  the  orbit,  as  the  result  of  some  explosion. 

Fig.  106  ia  a  drawing  of  a  piece  of  a  clay  pipe  $tem  which  I 
removed  from  tho  orbit  of  a  youn^  man  some  ycurs  ago.  It  wu.^ 
dueply  embedded  in  Uie  orbit,  where  it  remained  for  ten  days,  without 
iCAUsiug  an  abscess  or  in  any  way  damaging  the  eye.  Curiously  enuugh 
I  have  seen  two  other  cases  of  the  same  accident 

Tlie  p*t3sibility  of  a  foreign  body  V>eing  present  should  always 
be  borne  iu  mind  in  connection  with  the  treatment  of  case^s  of 
penetrating  wounds  of  the  orbit  An  accident  of  this  nature  Ls 
not  so  very  uncommon,  and  most  frequently  the  foreign  body  is 
•ituat^  to  the  inner  side  of  the  orbit  It  causes  exophthahnos, 
the  eye  at  the  same  time  being  displaced  in  accordance  with  the 
pofiition  occupied  by  the  foreign  lM>dy. 
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The  diatfnosifi  may  be  diiiicult,  but  can  penerally  be  u:  ' 
careful  probing.  The  trmtmetit  then  consists  iu  remov.ii;! 
obsUrle,  which  usnally,  unless  there  l>e  others  presonl  ai»fl 
soon  leads  to  healing.  Sometimes  the  injury  catists  \\^\^ 
Wlien  this  is  the  ease,  it  is  ^'.nerally  either  owing  to  tlw  dirtrt 
wounding  of  the  brnin,  or  Vj  hsemorrhtige. 

Graves'  Disease. — Tlie  main  symptoms  of  this  diseawnre- 
(1.)  Kupidity  of  tlie  heart's  aotion ;   (2.)  Enlar^'emenl  M  tl» 
thyivid;  (3.)  Protrusion  of  the  eyes.     The  association  oi  lb 
two  lust  symptoms  iuive  led  to  the  name  cjcopfUhalu 
which  is  frequently  used  as  synonymous  with  Graves  — 
In  Ctermuny  it  goes  by  the  name  of  Bttse^htcs  diAeoM,  Base'ki* 
having  undoubtedly  been  the  tirst  ti>  give  a  complete  descripti\ffi 
of  the  characteristic  symptoms,  and  more  especially  to  ilimi 
attention  to  tlie  connection  between  the  exophthalmos  nod  Ae 
other   symptoni.s.      But    the    same    disease   had    Iven  Vjiowh 
se\erul  years  before  in  this  country  through  the  tejiehing  of 
Parry  and  Graves,  who,  however,  did  not  lay  particukr  stre* 
on    the    exophthalmos,  though    the    latter    at  any  rate  IoDt 
appreciated  the  connection  which  existed  betwetsn  the  otkr 
s^mi|.ttom8. 

AH  tliese  s^inuptomH  ai-e  not  iitvariably  met  with  in  Gwt> 
disease;  thus  there  may  Ik*  palpitation  and  goitre  alone, or  wlh 
hardly  any  appreciable  protrusion  of  the  eye,  or  the  {jalpit*ti«i 
mny  exist  along  with  proptosis  alone,  the  thyroid  being  a* 
a[»preciably  enlarged. 

The  increased  rapidity  of  the  heart's  action  is  the  mcbt  t**- 
stant  and  essentia?  symptom,  so  that  although  exophtbdmv* 
frum  (iraves'  disease  may  exist  without  any  appreciable  c*r»li*c 
acceleration,  the  diagnosis  of  the  true  nature  of  the  protrusion 
f>f  the  eyelmlls  under  .such  circumstjinces  is  dillicult  oral 
uncertain.  In  most  cases  the  heart  beats  amount  to  fi 
to  160  iu  tlie  minute,  but  they  are  sometimes  more  freqwut 
T  huvt*  counted  in  several  crises  over  200  beats  a  minute.  Tb« 
pulsation  is  felt  very  distinctly  over  the  carotids,  which  fti* 
moat  frequently  wliat  have  been  called  "  hoiumcring  carotJAi.' 
Tliey,  as  well  as  other  arteries  of  the  head,  are  dilated  Tbft 
veins  in  the  neck  are  also  dilated,  and  on  auscultation  over  them 
a  hEEinic  murmur  can  generally  distinctly  be  heard 

The  goitre  has  usually  a  soft  elastic  feeling,  and  cominani* 
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Mlii  to  thr  luind  either  a  very  distinct  pul8atioii  or  a  thrill 
wMcb  la  svnclironnns  with  Iho  svstolo  nf  the  heart.     The  en- 


eut 


diflerout 


unes  very  imicn  \\\  uinereut  cases;  11  is  mreiy 
Mtfeme.  Not  infrequently  the  one  lohe  of  the  th}Toid,  and 
(ilraoflt  invariahly  the  right,  is  more  enlarged  than  the  other; 
niiili'  in  a  few  cases  the  one  lobe  alone  has  heen  found  to  he 
ftdai^ged.  Hughlings  Jackson  found  the  right  lol>e  larger  than 
the  left  in  eight  consecutive  cases  wliich  he  had  seen,  iind  in 
which  he  had  i»ai*l  attention  to  this  ix>iut.  Closes  are  on  record 
where  deatJi  lias  oc^urral  from  dy8pna?a,  caused  by  the  pressure 
of  the  enlai^i  th}Toid  on  tlie  trachea.  In  other  ctises  again  it 
has  l»een  found  necessary  to  remove  the  isthmus  to  prevent  this 
noriirrence 

Tlie  exophthahuos  is  almost  always  bilateral,  though  not 
infrequently  one  eye  is  protruded  more  tlum  the  other.  Ucca- 
xiona-IIy  it  is  altogether  confinetl  to  one  side.  This  I  have  seen 
in  two  cases,  one  of  which  was  a  man  of  fifty,  and  the  other  a 
wimian  of  forty.  The  protrusion  of  the  eye  takes  place  directly 
forwards,  and  in  most  eases,  and  always  where  the  disease  has 
not  existe*!  for  any  great  length  of  time,  tlie  eyes  may  l>e  pi*essed 
liack  into  the  orbit  without  much  ditticidty,  but  regain  their 
fnnuer  j)osition  on  the  relief  of  the  presstire.  A  ha-mic  munnur 
may  l>e  heard  on  auscultation  over  the  eye.  The  degree  of  jjro- 
tnision  Viiries  very  much.  In  nuiiiy  cases  it  goes  on  increasing 
alowlyor  rapidly  for  some  time, and  then  again  becomes  less;  in 
othere  it  remains  pretty  much  the  same,  though  subject  to  slight 
difl'ereuces.  accfirding  to  the  jwitient's  sUite  of  health.  It  may 
\)f.  90  excessive  as  to  render  it  imjKjssible  for  the  lids  to  cover 
the  eyes,  or  even  cause  tlie  eyes  to  l»eeome  dislocated  otit  of  the 
orbit.  Such  a  degree  of  exoplithalmos  is,  however,  very  ex- 
ceptional 

Tlie  protrusion  does  not  of  itsplf  cause  any  intorference  ^rith  the 
movements  of  tlie  eye.  In  exceptional  ciwes  these  inoveiiienta  are 
impaled  by  complication  witJi  paralysis.  Thus  Bristiiwe  has  recoriled 
one  case  wher«  there  was  at  the  same  time  ophthahnoplegiii  externa. 
I  have  Reen  with  Dr.  Sninrt  of  l-^linburgh  a  (uise  coniplicated  by 
bilat4*tHl  alHlucerus  {>are6i^  Otlicr  foniiA  of  paralysis  of  the  ocular 
tMHrlns  have  also  been  met  witli  in  Gr.ives*  dise/Lse,  a  drcumstnnce 
rkucb  14  interodtiog  in  counection  with  the  probable  pathology  of  the 


The  exophthahuos  of  Graves*  disease  is  in  most  cases  aceom- 
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paiiied  by  a  frightened  staring  appeiirance,  which  is  voryrfwnfr-^^K 
teristic,  antl  due  t-o  the  gt'witev  tlmn  normal  relnu^liou  fj  ^|H 
upper  liiL     This  involuntary  widening?  of  the  lid  apertiinr,™a«lW 
by  the  contniction  of  tlie  unstriped  muscular  fibmsof  Mulk.^ 
seems  first  lo  have  been  described  by  White  Cooper.  l«i!  mm  1 
generally  goes  by  the  name  of  "Stellwag's  siji^Ui"  aa  St<ij«*{    I 
succeeded  in  directing  general  attention  to  it.     Stellwu:: 
out  at  the  same  time  that  in  cases  which  exliibit  this  s;  ..^  -^_ 
there  is  a  more  or  le-ss  complete  absence  of  involuntary  blisld^H 
Tliis  retniction  of  the  upper  lid  is  not  met  with  in  other  '\^vm^ 
of  exophthalmos,  and  is  therefore  a  point  of  diagnostic  lmi^'!^ 
ance  in  the  cases  where  exoplithabuos  is  confined  lo  one  silc 
or  not  accompanied  in  a  maiked  degi-ee  by  the  other  ? v 
characteristic  of  Graves'  disease.     It  freqtiently  exists  u: 
when  there  is  little  or  uo  protrusion  of  the  eyes,  ui<]  oill> 
attention  to  the  condition  of  tlie  circulation  and  thyrd'l    Ai 
appearance  very  similar  to  Stell wag's  sign  is  prodnceil  by  crxAine 
<lropped  into  the  eye. 

A  much  more  important,  though,  so  far  as  mviAi  r'' 
goes,  less  freijuent  symptom,  is  that  which  is  called  "  ^'HiH'* 
sign,"  This  consists  in  the  loss  of  association  of  the  movement 
of  the  upi>er  lid  with  the  eye.  Thus,  when  the  eye  is  direeiri 
downwanls,  the  upjwr  lid  either  does  not  follow  it  at  all,  or  vm 
fre<iuently  moves  along  mth  it  for  a  certain  distance  and  thcfl 
remains  stationary.  Graefe's  sign  is  also  highly  charactcri*Ue 
of  Gmves'  disease,  and  ia  not  found  at  all,  or  only  e-xtwoelf 
nirely,  under  other  circumstances.  It  may  be  seen  jttst  •» 
the  retraction  of  the  margin  of  the  ujtper  lid,  before  proptofi* 
takes  place,  or  may  occasionally  tirst  make  its  appetrnce 
later.  It  may  also  not  be  present  during  the  whole  coune 
of  the  disease,  but  disappear  after  having  existed  for  some 
time.  It  is  absent  in  some  cases  in  which  Stidlwag's  agn  i* 
well-marked. 

Notwithstanding  the  presence  of  these  characteristic  STBrp* 
toms  which  have  just  been  describc*l,  there  is  no  defect  in  ll* 
closing  of  the  lids,  the  voluntary  movements  of  which  iw 
retained  just  as  in  health,  so  that  it  is  only  when  the  pro- 
ptosis  has  become  very  excessive  that  the  eyes  cannot  be 
properly  covered.  In  such  cases,  and  even  it  would  appear  in 
some  cases  in  which  the   lids  can  still  be  mode  to  afford  « 
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ident  covering,  a  kind   of  neuro-paralytic  keratitis  takes 
which  is  extremely  likely  to  cause  destruction  of  the 
)m.      In  tliis  way.  but  appiirently  only   in   this  way,  is 
sight  endangered  by  the  disease;   but  such  cases  are  also 
'le  ones  in  which  the  prognosis  is  serious  for  the  life  of  the 
I^ticDt  as  well. 

Besides  the  main  sraptoras  of  Graves'  disease,  which  have 
*iow  In^en  descri1>ed,  there  are  other  more  or  less  constant  ones. 
which  in  women  at  all  events  is  often  most  marked,  is  an 
[ive  degree  of  nervoiisuess.  The  patient  is  easily  startled 
id  frightened,  and  very  rendily  blushes  or  is  subject  to  attacks 
perspiration.  In  some  of  the  worst  cases  rapid  emaciation 
L>  takes  place.  More  or  less  auibmiu  is  generally  present  at 
same  time,  and  this  may  in  women  be  aceomiwinied  by 
tiiatrual  disturbiiuce,  but  I  have  seen  sevenil  cases  in  women 
\o  were  not  only  tiorid,  but  appeared  to  be  in  every  way  in 
dlent  health.  Some  dilatation  and  even  pulsation  nf  the 
inal  art4?rie8  is  foimd  in  some  cases,  though  in  my  own 
experience  pulsation  at  any  rate  is  much  less  frequent  than 
ia  Jissiuued  by  some  writers  nn  this  sulijeet,  and  than  might 
perhaps  be  expected  from  the  evident  want  of  tone  in  tin* 
art4:*rie»  of  the  head  and  the  excited  state  of  the  heart's  action. 
Hill  GrifHth,  who  specially  looked  for  jmlsation,  in  tliirty-two 
Ciises  did  not  meet  with  it  once.  A  cert^iin  degree  of  aiursthesia 
of  the  cornea  is  to  he  found  in  some  cases,  and  in  such  thei*e  is 
prolwbly  a  gi'eater  danger  of  idceratioii  than  in  otliera.  This 
s^TUpttim  tlierefore  deserves  special  atteuLioii. 

Graves'  di8e4ise  is  very  much  more  frequent  in  women  than 
in  men.  I  find  fiY*m  a  eomj^arison  of  the  dillerent  sUitistics  on 
this  point  that  quite  eighty-five  per  cent,  of  all  ciises  iR-eur  in 
women.  Possibly,  iiideeil,  the  percentage  may  be  higher,  as 
the  eases  in  men  arc  jtei-hapa  more  liki'Iy  to  come  under  the 
ol>eervatiou  of  the  specialist,  both  on  ju'i-ouut  of  their  rarity  and 
from  the  fact  that  the  disease  apix'urs  U)  be  more  severe  in  them 
than  in  womeiL  More  than  half  of  the  cases  in  women  occur 
l»etween  the  age  of  pulierty  and  thirty,  a  very  few  before 
puberty  or  after  the  climacteric  period.  In  men,  although 
cases  are  also  met  witli  in  young  individuals,  the  average  age 
for  the  diseufl*;  to  make  its  appeiirauee  is  between  thirty  and 
liftv. 
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The  course  of  the  disease  is  usutiUy  very  chmnic   It 
last  for  years  '\\\  much  the  avnie  conditiou,  riroci.'asioimllyaiMki' 
gt»  an  iiuprovement  in  one  or  more  of  ita  eympt^jms. 
continuing  in  this  way  for  sonic  time,  the  sympUims 
iu  great  lutiasure  subside,  though  frequently  some  eul 
of  thc>  thyroid  and  often  a  not  incousideraUe  degree  of 
tbahuos  i>ennanently  remain.     Again,  a  numl>er  of  faaes 
completely  recover. 

On  this  point  I  may  quote  the  opinion  of  Brititowi',  that  in  niiat 
cases  "tlic  proptoais  imd  gi>Ure  subside  in  a  greater  or  lea?  dfi^rw,  «^ 
the  palpitntiuii  diinuiishw;  while,  nevertheless,  the  jialimt  mum* 
4h*liriiU\  ami  with  \\\s.'  liability  to  flutfcr  under  excitenient  or  . 
ill  liridlh  iVuiii  nioi-e  i«r  less  svvere  ret;urrence  of  palpitation 
pyiupt^mis  which  uttcml  exuphlhalnios."    In  a  not  very  i  < 
of  ciises  death  tidces  placp,  either  from  exhaustion  m 
disease  ;  nrely,  as  has  been  stiid,  freni  dyspuoa,  owing  to  tl.- 
of  the  enlarged  thyroid  on  the  trachea.     Practical  recovery, 
is  UiL^  lunst  frequent  ie*ult.     Thus  Hulke,  in  opening  the  (v. 
on  llii.s  subject  at  the  Ophthalnioiot^ioAl  Society,  T<*nuirki''i       i 
the  most  dtftinite  and  striking  example  which  we  can  tind  uf  a  wwt 
and  protmcted  malady  whicli,  despite  its  severity  and  jH^rsistpnre,  b» 
yet  a  natural  temlency  to  recover.    If  the  patient  can  survive  •  «rtiu 
time,  apparently  the  recovery  is  a  mutter  of  course.      "NVg  bare  &w 
eases  which  are  indetinitely  progressive." 

(tiuves'  disejise  seems  to  oeeur  with  pretty  otpial  freijuencyaawaj?* 
the  white  races  all  over  the  world.  Little  seems  to  be  known  m  tn 
its  occurrence  in  coloiirwl  races.  Dr.  IJrockmiui  of  Madras  say*—**!* 
is  i*cniarkttble  that  although  goitre  is  met  with  in  India  in  grat 
numbere,  I  have  never  met  with  a  case  of  exophthalmic  goitre  ^^sa^ 
the  natives  during  my  lifteen  years'  praotieo  in  diseases  of  th"^  ev*^' 

The  frequency  of  tlte  lUsease  in  women,  and  its  occvunoi'^' 
mainly  duiiug  the  oIiild-lHiaring  [>eriod  of  life,  has  le<i  mauvttj 
believe  that  Graves'  disease  is  intimately  connected  with  affe- 
liona  of  the  rciuvuluctive  organs.  The  occuKional  r tccurrence ol 
the  disease  in  women  at  other  times  of  life,  as  well  as  in  ma. 
and  the  absence  frequently  of  any  menstrual  dislurban*. 
would,  un  the  other  hand,  point  to  such  a  connection  not  bdug 
very  intinmte.  In  these  cases,  too.  in  which  deraugeDieul»  <rf 
menatnuition  are  ohser\ed,  they  may  well  be  a.soribed  to  the 
ciindition  of  amemia,  which  is  so  frequently  present  in  thi* 
disease.  Unmarried  women  seem  to  l>e  more  subject  to  the 
disease  than  married,  and  the  pregnant  conditiou  is  suppoivi 
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hj  many  to  exert  a  favouralde  influence  on  it.  In  one  case 
which  1  know  of,  the  exophthalnios  and  the  Hymptonis  of 
tJmves'  disert^e  were  veiy  marked  during  ten  years  in  the  case 
of  A  inarri»*d  womiin  wlio  had  had  several  children,  but  greatly 
improved  when  after  that  interval  of  time  she  again  became 
pre^ant  Such  eases,  however,  seem  rather  to  point  to  the 
pregnancy  as  well  as  the  disapjKyirance  of  the  disease  occurring 
both  as  the  result  of  an  improvement  in  general  health,  rather 
than  to  Buy  direct  favouralde  influence  of  the  one  condition 
over  the  other.  And,  indeed,  cases  are  on  record  where  the 
disease  has  l>ec»>me  markedly  worse  durinjf  ]>rej^nam'y,  just  as 
that  state  is  one  not  always  associated  with  good  general  health. 
Betjhie  ctmsidered  albumiimria  Ui  l>e  frequenlly  connecteil  with 
Graves'  disease,  but  this  has  not  been  couHniied,  the  cases  where 
this  cnunectiou  exists  being  decidedly  uncommon.  Lately, 
another  affection — viz.,  acute  rheumatism — haw  Ix-en  mentioned 
by  Wt'st  as  a  frequently  associated  ime.  A  ^ust^:^ry  of  rheumatic 
fever  was  got  in  eight  cases  out  of  thirty-eight  recorded  by 
We5t»  which  certainly  does  not  appear  to  be  a  very  larjj^  ])ro- 
|Mirtion^  consideriug  tlie  very  gieat  frequeney  of  rheumatism, 
ftod  the  fact  that  exophthalmic  goitre  mostly  affects  individuals 
wlio  are  delicate  in  some  way  or  other.  Finally,  a  few  cases  of 
lironzing  of  the  &kin  have  l^eeu  oKserved  in  the  same  connection. 
Apart  though  from  more  or  less  marked  forms  of  nervousness  or 
u»*rvons  affections,  there  cannot  tndy  be  said  to  l)e  any  diseiise 
ven'  closelv  associated  witli  it. 


The  i»alftofff*jif  of  Graves*  discuibu  ia  still  very  oljst'urc.  Post- 
mortem exiimiuation  in  caet-s  whicli  have  ended  fatally  has  done  very 
little  ti>  clejir  up  the  difticulty.  Some  change  in  the  orbital  fat — 
byjtortrojdiy,  eidargcment  of  the  vessels,  Ac. — \\nA  generally  been 
found.  There  can  be  no  doubt  that  l>oth  the  enlargement  of  the 
thyroid  jind  the  exophthalmos  are  originally  <Uie  to  engorgenient  of 

-VtwwU,  and  it  is  not  unlikely  again  tluvt  after  long  eontinuaaue  of  the 

l|inx!eaa  some  hypertrophy  of  llie  tisanes  may  take  place.  Still,  the 
irotrusion  of  tlie  eye  is  mainly  a  va.'*cular  one.  CIuuige.*t  have  ]x^»u 
(escribed  in  the  sympathetic  trunk  in  the  neck  or  in  its  .sliealh,  but 

;|he«e  ha%e  apparently  l>een  more  funcietl  than  real,  and  at  all  events 
ivo  not  received  very  geneml  contiiniatidn.  Chemlle  found  conges- 
tion of  the  pons  and  medulla  in  several  cases,  and  Ilughlings  Jack»»on 
has  recently  recommended  n  careful  niicroacopic  exaniiuation  of  these 

\fiuiM  of  the  bmin  in  all  ca-ses  where  a  po'il-njortem  examination  ifl 
leiL     The  hypotlieais  of  a  disease  of  tlio  Hvmpathetic  beijig  at 
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the  rowt  of  the  Byiuptoms  recciveil  the  support  of  Begbie  and  Tpoo*- 
scuu  amongst  others,  and  more  recently  of  Eiilenburg,  Guttmann,  l^^ 
other  autliorities.     Besides,  however,  tlie  rtbsence  i>f  any  dv: 
tion  of  this  connection  from  the  pathological  side,   thtiir  n 
considemtious  which  render  it  iInp^:lballIe.     In  the  tir-i 

some  of  the  sjinptoms  inight  well  bt?  tidit*n  ag  evidences  ci  j. 

symiwthelic  fibres,  there  or©  others  which  could  only  be  refoir.-]  !> 
irritation  of  these  fibres.     It  is  unlikely,  however,  that  such  ^.v  — 
tion  should  exist  for  such  a  Umg  time  as  would  have  to  V 
from  the  protracted  nature  of  these  symptoms.     The  aWnce  "I  ouu 
tion  of  the  pupils  is  also  very  muoh  against  the  correctneai  of  wk 
ail  ussuniption.     Another,  too,   to  which  attention  has  mainly  Iwt 
drawn  by  Sattler  is  tliat  neither  the  goitro  nor   the  exophthaliwi, 
which  are  such  prominent  symptoms  in  tlie  disease,  can  be  piphuDtd 
by  a  paralysis  of  the  vasomotor  nerves  in  the  sympathetic     He  sn 
— "It  has  not  been  experimi-ntaUy  shown  that  section  of  t' 
pathetic  has  given  rise  to  goitre  or  exophthalmos,  nor  arv  tl 
clinical  facts  on  reoanl  where  a  true  paralysis  of  the  syinpAtbdUf, 
though  it  has  produced  distinct  vasculo-themm]  changea,  his  U«s 
followed  by  either  of  these  symptoms."     Sattler  oonsideis,  therefoii!, 
that  the  symptoms  point  rather  to  "a  circumscribed  lesion  in  tk 
vasomotor  centre,  or  in  some  portion  of  the  brain  wliich  is  ^iUuted 
even  more  centrally,  which  directly  governs  the  vessels  to  both  ih« 
thyroid  and  orbital  tissues."     The  accelemtion  of  the  heart's  sctioB 
is  satisfactorily  explained  on  the  assumption  of  a  lesion  at  the  t>gM 
centre,  which  in  this  way  interferes  ^vitIl  its  iuhibit<.iry  action.    Tb 
frefjuent  greater  nidargeincnt  of  the  right  lobe  of  the  thyroid  wvold 
appear  also  to  support  this  view,  as  the  right  vagus  has  been  shorn 
in  dome  animals  to  be  more  strongly  inhibitory  in  its  action  on  tU 
heart  than  the  left. 

There  ai-o  many  other  circumstances  in  connection  with  the 
di3ea.se  which  point  too,  directly,  to  a  central  pathology,  and  of  tic** 
perhaps  none  more  stroni^ly  than  Graefe's  sign-  It  must  l>c  renwis- 
bcrtnl  tliat  this,  though  often  associated  with  retraction  of  the  nppir 
lid,  is  not  always  so,  and  in  any  case  the  action  of  the  Uttle  taoscU 
which  brings  alx)ut  that  ivtitictiim  can  harilly  bo  strong  t*noi%'fa  to 
counteract  that  of  the  orbicularis.  The  symptom  is  therefore,  iu  all 
l»robability,  as  Sattler  has  poijited  out,  an  evidence  uf  some  centrtl 
interference  with  the  co-ordinated  action  of  the  lid  and  mnwcla  A 
the  eye.  In  some  cases  more  striking  instances  of  such  defects  »«f 
co-ordinated  movements  have  been  met  with.  Bristowe  and  utlici% 
for  instance,  have  seen  cases  where  there  lias  been  tiphlhalmoplcgn 
exteniu.  Altogether,  then,  while  the  pathology  still  remains  obeeure. 
there  is  very  good  reason  to  assume  that  the  cause  of  Gnveft'  dise** 
will  be  found  in  sonie  central  lesion.  Whether  tliat  lesion,  thoujlH 
probably  occupying  mainly  the  same  site,  is  always  of  the  stmr 
natnre,  or  whether  it  differs  in  the  curable  and  slight  cases  from  th** 
which  gives  rise  to  the  severe  and  more  i>ennauent  ones,  is  a  point 
in  connection  with  wliich,  in  the  al^sence  of  any  definite  proof  of  it« 
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ndstonoe  at  all,  it  would  bo  uselesa  to  conjecture.  There  are  many 
points  in  connection  with  Graves'  disease,  too,  which  suggest  a  not 
Tcry  dialant  relatioDHhip  to  hysteria. 


Trratnu-nl. — Tliere  is  certainly  nothing  which  can  be  said  to 
appinach  the  nature  of  a  specific  remedy  for  Graves'  disease 
llaoy  things  have  Iweu  tried  :  iron,  iiKline,  bella*lonna,  veratria, 
liromicW  of  jiotassiuni.  nml  other  dru^  ;  but  though  all  have  hud 
their  special  advocates,  their  direct  beneficial  effects  on  the 
disease  cannot  l>e  regarded  as  more  than  doubtful.  Venitria, 
which  by  some  has  been  looked  ujiou  almost  as  a  speciKc,  I 
have  found  absolutely  without  effect;  it  does  nob  even,  in  my 
exjierience,  greatly  diminish  the  rapidity  of  the  heart's  actiou. 
The  must  ini]H>rL}uit  indications  for  treatment  are — freedom 
fnmi  excitement  and  worrj',  and  change  of  air.  If  drugs  are 
uskI  at  all,  iron  and  bromides  are  perhaps  the  best;  iodine,  too, 
may  be  used  as  an  external  application  to  the  goitre-  A  few 
Dues  have  been  apjjarently  improveil  by  removal  of  the  goitre, 
but  except  where  it  endangers  life  by  pressure  on  the  trachea, 
Buch  treatment  would  not  be  justifiable.  Recently  Hack  claims 
to  have  curetl  a  case  by  cauterising  the  middle  aud  inferior 
larljinated  bodies  with  the  galvano-cautery.  and  iirs^aies  from 
this  effect — which,  however,  has  not  yet  been  confirmed  by  others 
— that  the  swelling  of  the  retrobulbjir  fat,  which  gives  rise  to 
eiophtluilmoa,  is  in  reidity  a  neurasis  proccetling  from  the 
irritiition  of  the  nose.  In  cases  where  the  protrusion  of  the  eye 
is  exceaaive,  von  (Jraefe  re<;ommendetl  tarsoriipliia,  or  a  shorten- 
ing of  the  lid  aperture.  The  operation  is  certainly  useful,  but 
wiiere  ulceration  of  the  cornea  has  already  begun  it  is  better  to 
bring  the  lids  more  completely  over  the  cornea,  either  by  paring 
ttieir  e*iges  for  about  two-thirds  of  theii'  extent  in  the  middle, 
and  causing  them  to  grow  together  by  uniting  them  with 
sutures,  or.  what  does  eipially  well,  merely  keeping  them  closed 
hy  Ktops  of  horse-hair  in  the  manner  described  in  the  chapter 
on  Opcratiuus. 

ExoriiTHALMOS,  or  the  sinking  back  of  the  eyeballs  into  the 
orbit-,  exists  as  a  consequence  of  the  disappearance  of  the  orbital 
fat  in  very  old  people.  It  is  also  met  with  in  some  cases  where 
there  has  been  fracture  of  the  bones  of  the  orbit.  It  has 
occasionally  been  observed,  too,  apparently  as  a  rare  vaso- 
28 
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motor  affection,  but  little  is  known  of  the  pathology  of  thii 
form. 

Shmnking  of  the  Orbit  occurs  sometimes  when  the  ey^ 
ball  has  been  removed  in  early  childhood.  The  diminutioi 
takes  place  mainly,  if  not  entirely,  by  approximation  of  the 
roof  and  floor  of  the  orbit,  while  the  sides  retain  their  nonnil 
dimensions. 


CHAPTER     XIV 


I       AMBLY<.iPIA,  AMAUROSIS.  AND  OTIIKK  ANOMALIES 
^m  OF  VISION. 

Is  this  chapter  are  discussed  variotis  ulteratious  of  viaiori  which 
■re  not  accompanied  by  any  very  definite  objective  signs.  For 
tSuUace.  we  often  meet  with  cases  of  either  complete  blindness 
{amauroais),  or  more  or  less  defective  vision  (avihlyopia)^  which 
do  not  arise  from  any  lesion  of  any  part  of  the  eye  itself. 
PoGsibly  in  some  cases  there  may  he  pathological  changes  in 
the  eye,  hut  of  a  nature  which  the  means  of  examination  at 
cur  disposal  does  not  enable  us  to  detect  with  certainty. 

The  diagnosis  of  the  cause  of  aii  amblyopin  or  amaurosis  is 
often  difficult  enough.  A  careful  study  nmst  he  made  of  the 
flubjoctive  symptoms  so  far  as  they  can  lie  elicited.  To  some 
extent  toi»,  we  are  guided  by  the  otiier  co-exLstiug  conditions, 
as  well  as  by  our  experience  of  physiology  and  of  post-mortem 
examination. 

In  some  cases  the  colour  vision  may  Ije  defective,  in 
others  a  particular  portion  of  the  field  of  vision  may  be  h^t 
or  he  functionally  inactive.  In  others,  again,  the  light  sense 
may  l)e  almonnal.  Under  this  categorA*  come  cases  of  night 
blindne^,  in  which  the  visual  acuity  may  be  noimal  in  day- 
light, but  defective  so  soon  as  the  illuminution  of  objecta 
Stoked  at  is  i*educed  beyond  a  certain  <legree. 

A  purely  subjective  sensation  of  liglit  {photvpsia)  or  of  colour 
{chromahtpsia)  may  l)e  complained  of  from  different  causes ;  or 
bbick  sjKjts,  the  so-called  mtu^ca:  volifantca,  may  be  seen  floating, 
more  or  less  constantly,  in  front  of  the  eyes. 

Under  the  lieading  of  amaurosis  and  amblyopia  used  to  be 
included  many  aft'ections,  the  causes  of  which  arc  now  apparent 
since  the  invention  of  the  ophthalmosc4>pe  has  rendered  it 
possible  tfj  make  a  complete  cxiimination  of  all  purt«  of  the 
eyv^     buch  cases  are  described  uuder  the  diseases  which  are 
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now  known   to  cause  the  blindness,  and  are  not  refcrml  tu 
here. 

Congenital  Amblyoma. — Defective  vision,  when  ■.    .- 
or  originating  early  in  life,  often  eacnpes  observation,  unless  tibt 
degree  is  considerable,  until  the  difficulties  experience<i  fltBdmnl 
attniet  attention.     The  higher  degrees  of  amblyopia  an*  moslh 

ociated  with  nyatafjnms.     It  is  by  no  means  an  nneonii:; 
thing  to  find  very  considerable  amblyopia  and  nystagmus  w;': 
out  iiwy  marked  objective  cause,  either  in  ihe  dioptric  nr  j^i 
cipient  parts  of  the   eye.     In   such  eases   there  is  usuiUt  i 
history  of  early  severe  inflaninintiou  of  the  comea,  fottoPiiJ 
by  dense  opacities,  whieli  have  slowly  cleared  away,  Icnimj 
little  or  uo  trace ;  or  of  some  cerebral  aflectiou,  wliich  bus  o- 
terfered,  more  or  less  completely,  witli  the  visual  centre*,  *■!' 
wluL-li  lias  been  followed  by  only  partial  recovery.    In  H<k 
cases  the  conditions  have  been  unfavourable  to  the  acquirtuicit 
of  that  superiority  of  the  vision  of  the  centres  of  tlie  retiiw.flrj 
fovea*  ceutrales,  over  the  other  parts,  which  characteris*snii«?| 
normal  vision,  and  admits  of  the  usual  steadiness  of  tixati'iiL 

Congenital  amldyopia,  ratiging  from  the  slightest  de/edai 
vision  to  tluit  where  tlie  acuity  is  but  one-tenth  or  less  ul 
normal,  and  nnaccorapanied  by  nystagmus,  is  y&ry  freqcwuih' 
met  \vil!i  withnufc  there  being  any  objective  sign  or  any  hi 
to  accuiint  for  it.     FrcquL*ntly,  too.  the  degree  of  ambli 
where   there   is    sDine    defect   is  much   greiiler   than  can 
accounted  for  by  the  defect  alone.     Wien  amblyopia  is  pi 
only  in  one  eye,  it  is  still  more   likely  to   pass  unul 
unless,  as  is  fre([uent!y  the  case,  it  gives  rise   to  8tT»lusmaS»' 
owing  to  the  existence  of  other  predisposing  causea.    Olia» 
unilateral  congenital  amblyopia  is  only  accidentally  discoi 
late  in  life,  when  anything,  Sf^me  trilling  accident  to  the  ci 
it  may  l>e,  has  drawn  the  individual's  attention  to  it. 

Simulated  AinHT.Yoi'iA. — Amblyopia  is  .sometimes  simul 
In  this  country  it  is  rare,  comparali\ely  speaking,  to  meet 
this,  and  tlie  ileception  is  not  so  well  carried  out  as  a  nilc 
there  is  much  difficulty  in  detecting  it.     lu  other  (v»i 
where  there  is  a  compulsor}'  militaiy  service,  simulated 
or  complete  hliutlness  is  very  common. 

There  may  be  a  simulation  of  either  bilateral  or 
defect  of  siglit.     The  latter  is  by  far  the  more  commoo, 
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fortuimlely,  too,  it  is  the  more  easily  detected.  It  is  mostly 
An  ainltlyopia.  and  not  a  complete  1>lindness,  of  the  one  eye 
vrhiclt  is  feigned,  so  tliat  the  diagnosis  may  not  be  at  all  easy. 
When  liUatcral  amblyopia  is  simulated,  a  little  ordinary  care  on 
the  j>art  of  the  individual  is  all  tliat  is  required  to  make  it  almost 
iui]M>t5silile  for  one  to  <K;tect  it  with  certainty.  Yet  it  is  strange 
how  often  some  inconsistency  l>etween  the  admitted  acuity  of 
risJon  found  itu  examination  for  distance  and  for  near,  or  in 
contie^'lion  with  the  glasses  which  are  admitted  to  efl'ect  some 
improvement  in  vision,  affords  a  clue  to  the  character  of  the 
aniblyojiiji-  T  l»ave,  for  instance,  repeatedly,  and  more  esiieci- 
nlly  ill  young  girls,  obtained  ver>-  cousiileralde  impivvement  of 
vision  by  the  use  of  a  convex  and  concave  glass,  which  exactly 
neutralised  each  other.  It  re<iaires  on  tlie  other  hand  a  very 
great  amount  of  care,  and  considerable  knowledge  of  the  subject, 
to  simulate  well  monocular  amblyopia.  The  certainty  of  the 
diagnosis  depends  pretty  much,  too,  on  the  degree  of  the  pre- 
tended blindness. 

A  great  nmuber  of  tests  have  been  devised  for  the  detec- 
nonof  this  kind  rif  deception,  all  of  wliich  it  is  proUibly  pos- 
Bible  t*J  elude.  An  easily  applied  teat  is  that  which  can  be 
made  with  Snellen's  c^ilourud  lettei-s.  These  are  transparent  red 
and  gn^-n  letters  of  ditlerent  sizes.  The  patient  is  tirst  made  to 
rewl  them  out  without  anything  befoi-e  his  eyes.  A  pair  i)f 
reversible  spectaclcB,  one  eye  of  which  is  of  green  glass,  and  the 
otlier  of  red,  is  then  put  mpidly  up<tn  his  nose,  care  being  taken 
tlufct  the  eyes  are  all  tlie  time  kept  open.  As  the  green  glass 
entirely  excludes  all  the  rays  from  the  red  letters,  and  the  red 
all  the  rays  from  the  green,  some  of  the  letters  are  nsible  only  to 
the  one  eye,  and  others  only  to  the  other.  Any  mistake  made 
in  the  reading  of  the  letters  is  in  this  way  easily  detected.  Tlie 
slightest  blinking  of  one  eye  is  sufficient  to  show  oue  with  which 
eye  eacli  particular  letter  is  seen,  so  that  with  care  it  is  possible 
for  a  clever  deceiver  to  avoid  falling  into  this  trap,  although  the 
manner  in  which  thi-  indi\'idunl  bi'liaves  may  be  generally  sufti- 
trteut  to  arouse  or  eontirm  one's  suspicions.  Another  simple  test 
in  cases  where  complete  or  idmost  complete  bjindne^^^s  of  one 
eye  is  simulated  consists  in  lioldiug  a  prism  with  its  base  directed 
upwards  or  downwai-ds  in  front  of  the  good  eye.  If  this  pro- 
duces diplopia^  there  is  evitlently  vision  in  both  eyea ;  but  the 
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object  of  this  t«st  again  is  of  course  easily  defeated  by  usj  ine 
denying  that  he  sees  double.     An  important  modification  of 
ti»-st  is  mmle  by  Alfred  Graefe.     The  individual  tested  is 
to  shut  the  blind  eye,  and  the  prism  is  held  in  front  of  ihi 
good  Olio,  in  such  a  position  that  some  of  the  rays  |iasB  into 
pupil  through  tlie  prism  and  some  directly.     This  caases 
cidar  diplopia.     Tlie  patient,  thus  thn?\^ni  off  his  guanLoftn 
adiuits  that  he  still  sees  dmible  when  the  bUnd  eye  is  wicoTend 
and  the  position  of  the  prism  altered  to  tlie  slight  extent  Tw]uiiwl 
to  intercept  all  the  raj's  passing  intt3  the  pupil  of  the  .v . 
under  which  circumstjinces  the  diplopia  is  of  course  bin'H.iM.>i...»  . 
its  continuance  is  a  proof  of  vision  in  the  eye  said  to  be  bliDtL 
A  good  plan  in  cases  of  sinndated  monocular  amblyopia,  imi 
one  which  at  tlie  same  time  afibnls  some  test  of  the  depw  d 
visual  acuteiiBss  in  the  eye  8ai<l  to  be  defective,  is  to  caose  tltt 
Ittitient  to  read  throu|.;h  a  strong  convex   k-ns  (  +  5.0  ur+lO. 
if  it  be  enuuetroijic),  and  then  by  slowly  withdrawing  the  print 
beyond  the  point  at  which  it  can  l>e  distinctly  read  lluougl  the 
lens.     If  under  these  circumstances  the  patient  still  oontiiaiei 
tn  read  he  must  be  doing  so  with  the  eye  which  he  «aswt»tn 
be  amblyopic.     Von  Graefe'a  test  of  placing  a  prism,  with  iu] 
Viaae  directed  inwanls  or  outwards,  in  front  of  the  seeing  ejt, 
and  observing  whether  a  lateral  movement  of  the  eye  U  tbertliTi 
induced,  is  perhaps  the  best  test  for  sinmhitei^l  umaunksis  of  « 
eye,  l)ecausc  where  l>inocular  vision  exists  such  a  moveni'fll 
almost  always  takes  place  involuntarily  owing  lo  the 
scions  desire  for  the  fusion  of  the  two  images. 

AmBLVOPIA  ANP  AmAUKOSI.S  l»rE  TU  CHANGES  AT  THK  VisH 

C'ENTRE.s,  &c.  —  A  good  nnnil>er  of  cases  of  amblyopia  uwlj 
amaurosis  occur  more  or  less  suddenly,  and  unaccompanied,  fctr 
the  time  at  least,  by  any  opht!ialmoscopic  changes.  In  sofii 
C4ises  tiic  diagnosis  has  to  be  made  from  a  consideration  of  ibe 
history.  When  the  blindness  comes  on  in  the  course  of  a  aevef»| 
illne^is,  or  durin-^  Wm-.  pcrioil  of  convalescence — for  hisUnce, 
scarlet  fe\'er,  pueritend  albuminuria,  &c. — the  euitse  is  id<wI 
often  ura^iuic,  and  the  prognosis  favourable,  more  especiallr  if 
tlie  pupils  Continue  to  respond  ii\  light. 

Auiblyopiu  ux  amaurosis  occuiring  after  severe  hfemoiTliigQ 
is  very  unlikely  to  be  recovered  from,  and  is  generally  followed 
some  t'nie  after  by  optic  atrophy. 


prognosis  is  even  worse  in  cases  of  unilateral  amaurosis 

a  severe  fall   on  the  head.     These   cases  are  of  pretty 

[uent  occurrence,  and  are  probably  almost  invariably  due  to 

deration  of  the  optic  nerve,  or  hasmorrhage  into  the  shwith  of 

nerve,  owing  to  fracture  of  the  roof  of  the  orbit,  the  line  of 

ich  fracture  usually  passes  through  the  optic  foramen.     The 

»phy  to  whieli  this  lesion  gives  rise  is  not  visible  ophthal- 

ipically  until  after  some  time. 
The  blindness  which  one  meets  with  in  young  children  after 
^ere  cerebral  symptoms  is  often  unaccompanied  by  ophthal- 
?opic  changes,  and  is  due  no  doubt  to  interference  with  the 
LCtions  of  ihe  visual  centres.  It  is  often  partially  recovered 
)m,  but  even  in  cases  where  the  pupils  remain  active  I  have 
;n  permanent  blindness  remain. 
The  rare  cases  of  blindness  from  lightning  do  not  seem  to 
ive  received  a  proper  explanation  as  yet,  Only  one  case  of 
this  nature  has  come  under  my  own  oliservation,  and  that  after 
complete  recovery.  In  this  case,  which  was  kindly  brought  to 
my  notice  by  Dr.  Hurn  Murdoch  of  Eilinliurgh,  thei^e  appears  to 
have  been  complete  amaunmis,  lasting  fnr  six  weeks,  with  ptosis. 
On  the  whole,  judgiiig  from  the  recorded  cases,  the  prognosis 

rins  favounddo. 
In  cases  of  lead  poisoning  very  considerable  blindness  is 
aometimes  produced.  I  have  seen  the  blindness  so  great  that 
there  has  l>een  doid)tful  perception  of  light,  and  yet  recovery 
take  place.  Some  of  the  sYmi)toms  in  tliene  uaseH,  more  e-speciidly 
with  respect  to  colour  vision,  are  often  very  similar  to  what  is 
met  with  in  liysterical  and>lyopia.  As  in  that  form  of  amblyopia, 
too,  there  seem  to  be  considerable  ilitlbrcnccs  in  the  nature  of 
the  visual  defect,  and  also  a  gwd  deal  of  inconstancy  about  the 
symptoms  of  any  particular  caHc.  Amaurosis  from  lead  poison- 
ing, when  unaccompanied  l»y  c»[>hthaIiuo8copic  changes,  appeal's 
most  frequently  to  be  transient.  It  is  one  of  the  rarest  symptoms 
of  lea<l  poisoning,  and  although  din'cniut  explanations  have  been 
ofTere*!  the  true  nature  of  the  blindness  is  unknown.  Most 
probably  the  view  rei^eutly  put  forward  by  Giiusberg  is  the 
conect  one.  According  to  this  view  the  amaurosis  is  not  a 
direct  efiect  of  the  lead  on  the  brain,  but  is  due  to  a  co-existing 
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comiuou  aiieclion  are — gradual  failure  of  sight  Uy  mwh  il.t 
sauie  extent  in  both  eyes;  absencu  cif  auv  rest  fiction  oi  lii» 
tield  of  vision,  or  indeetl  of  any  interference  with  the  fmirsica 
of  the  periphei-al  portions  of  the  retina ;  and  the  e^i 
oval  scoUjnia,  most  nuirked  for  iiohjurs,  extending  fru-  .;.  , 
of  fixation,  wliich  it  involves,  to  the  blind  8i»oU  lloel  of  »iri 
eases  are  met  witii  in  men  after  tin:  age  of  forty.  Oc«a<iniDy 
yoiuiger  men  are  affected ;  the  youngest  uudoulited  case  1  Uw 
seen  was  twenty.  This  fonu  of  amblyopia  ia  vert  rare  ill 
women,  thnugli  not  quite  bo  rare  as  was  at  niie  tim**  su]i|n*iL 

Those  who  suffer  from  it  are  ulmobt  invariably  snwk«f» 
and  generally  they  have  smoked   for  many  years  bofom  W- 
coming  affected.     It  is  very  doubted  if  ab^ohol  has  ji: 
to  do  with  it,  though  this  is  maintJiined  by  some.     *  * 
one  not  infrequently  finds  that  those  affected  not  onl> 
but  also  drink  to  excess:    yet  the  same  eympl'ijnis  ht 
oV>8erved  to  follow  the  excessive  use  of  alcohol  alone.  ' 
they  are  very  frequently  met  with  in  smokers  wliu  atistAiit  com- 
pletely froiji  aleohol  in  any  form.     As  a  rule,  when  thr  affittion 
begins,   no  change   has  been    made    recently   in    tlie  aiuounl 
smoked,  and  this  circnmst^ince  accounts  for  its  being  coatpu** 
tively  rare   to  tiiul  that  piitieiits  8us[>ect  the  cause  i>f  iImbt 
amblyopia.     Indeed,  they  not  infrequently  l»egin  Uj  miiokr  myrt 
after  their  sight  has  begun  to  fail,  on  acci>unt  of  the  worry  that 
this  causea     Very  often  smoking  is  indulged  in  on  an  eui|)tT 
stomach,  the  first  tiling  in  tlie  morning  or  von.*  late  at  nighl.nt, 
in  the  case  of  bad  sleepers,  during  tlie  night     It  is  owii^  to 
this  cireunistanco,  probiibly  more  than  to  the  difference  in  titf 
kind  of  toliucco  smoked,  that  toltacco  amblyopiii  Ls  moreoiuimju 
in  the  workijig  than  in  the  educated  classes.     Many  mtii  havi* 
to  rise  earl}'  and  work  several  hours  before   ]»artJikin>*  »f  fl 
substantial  meal,  but  nevertheless  smoke  during  this  time. 

The  fact  of  the  toxic  effect  of  the  tohiccu  getting  at  some 
particular  time  the  upper  hand,  although  indi\*iduals  lave 
smoked  as  much  and  tifteji  more  at  other  times,  and  coutino- 
onsly  for  yejirs,  points  to  there  being  some  recent  diminutiun 
in  the  [>ower  of  resistance.  Wliat  this  lias  been  it  is  not  alwaj? 
easy  to  find  out.  Sometimes  their  has  been  simie  slight  indis- 
position or  dyspepsia,  sometimes  loss  of  blood,  ai  other  tiiutf 
merely  sleeplessness,  or  sleeplessness  caused   by  anxietv  aud 
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trouMe.  In  maiiy  irases  it  ciui  only  be  iiscribed  to  want  of 
nerve  tune,  or  ^M»Ille  »*'iiile  lass  of  vigour.  A  fre«juent  cause  no 
doubt  is  the  iiiulerTiiiiuiig  of  the  syHtt^m  produced  by  alcoiiolisni. 
«o  that  alcohol  is  thus  indirectly  a  factor  in  the  etiolt^y.  When 
nny  xneh  j>nHitsp<»8in^  cniisi*  exists,  tlien  smoking  at  a  time 
iwheD  there  i«  no  counter  stiiiiulns  of  tlie  food  renders  the 
jMiisoning  action  much  more  likely  to  take  effeet  According  as 
such  causes,  too,  are  more  or  less  piimoniiced,  and  dependt^nt  no 
doubt  as  well  ujH»n  the  individuul  tolerance  of  tobacco,  we  find  in 
difTerent  C4ise3  of  tliis  fonn  of  amblyopia  that  the  piticnLs  have 
been  in  the  habit  of  sniokui.{<  very  difl'erent  amounts  of  tobacco. 
As  a  ^ene^al  rule  not  less  than  three  to  four  oun<H>K  of  strong 
to^Hicco  are  smoked  in  the  week,»»fteu  mucli  more — in  exceptional 
cases  less.  In  women  a  smaller  quantity  seems  to  sutJice  to 
bring  on  the  syniptnms.  The  same  Bympt*ims  are  produced  by 
chewing;  toUicco. 

It  would  Iw  strange  indeed  if  toliacco  were  the  iinly  poison 
which  >^ves  ris*f  to  central  amblyopiji.  Cases  ilo  occur  in  which 
it  is  doubtful  whether  tobacco  is  the  cause,  as,  for  insUinee, 
when  the  imiount  consume*!  is  very  small,  or  where  the  blind- 
ness appears  to  have  crime  on  some  time  after  snK»king  has 
alttij»ether  been  given  U)»;  but,  with  tlie  i'x<*eption  of  bisulphide 
of  C4irl>on,  winch  produces  much  the  sinne  symptoms,  only,  as  far 
as  my  ex].>erieuce  ^o(^«,  relatively  c^i'eater  andilyopia  with  I'ela- 
tively  leits  marked  oohiur  defi4?t,  the  evidence  in  favour  of  other 
{K)isoDS  is  as  yet  very  far  from  conelusi\  e.  Some  caseJ?  of  retro- 
hulttar  neuritis  very  closely  resemble  toxic  central  amblyopift, 
more  especially  wheu  tlie  defect  produced  by  that  inflammation 
w  pretty  similar  in  Uith  eyes. 

Although  the  liad  etTects  which  toUux'^}  may  produce  on  the 
Nision  liave  I>een  lon^  known,  it  is  only  comparatively  ret^ently 
thai  coses  of  this  nature  have  l»een  ilia^iosod  with  certainty, 
and  Uir  c^iiM*  of  the  affection  ])roperl)'  understiiod.  This  luis 
been  mainly  owing  to  the  manner  of  testiu);:  and  *lefining  the 
limits  of  the  scoUmia  by  means  of  eolour  te>its.  The  defective 
aim  is  o^iil  in  shape^  with  its  long  diameter  honzontal,  and 
fftretchee  frtmi  the  outer  side  *»f  the  blintl  8iM)t  t^)  very  slijrlitly 
to  ihe  inner  wide  of  the  point  of  fixation.  Tt  corres}x>nds  to  the 
external  pnyection  of  that  portion  of  the  retina  which  lies  between 
the  optic  nerve  and  tlie  outer  margin  of  the  macula,  a  portion 
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which  recent  imestigatiou  has  shown  to  lie  supplied  by  a  ^y- 
bundle  i>f  optic  nerve  fibres — the  so-eflJletl  pHpillti-mut  jU: 
binulle.  The  form  sense  as  well  as  the  colour  sense  is  JeftftiT* 
over  thlH  urea,  but  the  patient  is  not  conscious  of  a  biuii*''! 
defect — that  is.  it  does  not  appear  in  tlie  form  of  an  ovaI  lUik 
spot  in  tlie  field  of  fixation,  or.  in  other  words,  the  ecotoiM  i» 
not  posUirc,  but  what  is  called  a  nrgnlirr  scotoma. 

Practically  all  that  is  re<|uired  to  diagnose  a  central  icoUiw 
is  to  cause  the  patient  to  fix  some  object,  i)refenibly  ou  a  (Wrli 
backjjronnd,  a  foot  or  two  from  liis  face,  an<l  then  l**  \M  » 
small  piece  of  coloured  paper  lirst  an  inch  or  two  to  ihe  *yuut 
side^  and  then  a  similar    distance   to  the  inner  mde  of  tbr 
point  of  fixation,  when    it  will  be   found,  if   lb-- 
marked,  that  the  colour  is  not  recog:ni8tMi  in   tbr     .  : 
tion,  but  is  imme<liutely  recognised  in  the  second.    A8  tl» 
defect  is  most  marked  for  red  and  ^re«n,  only  the»' 
netnl  to  l»e  used,  unless,  as   I   have  several   times  seti 
should  happou  to  be  at  the  same  time  congeuital  red-gtwn 
blindness,  when  bhie  and  j'ellow  must  W  Uficd  instead.    The 
limits  of  the  scotoma  can  l»e  mapped  out  witli  the  colours,  I'Ut 
for  this  purpose  smaller  squares  sliouUl  be  used,  and  tiieshadi^Wil 
taken  too  bright.     By  usinj;  very  sniall  white  objwts  atagreftirf 
tlistance  the  con*espon».Ung  form-sense  defect  in  the  scotoroaun* 
area  may  usuully  readily  be  detected ;  that  ia  to  say  an  alwoloM 
scotoma  f(»r  white  is  idao  to  W  found.     Whru  the  scotouw  u.nt* 
very  proiiounreil.  and  the  visual  acuity  c/jns«'(pipntly  not  p^s 
reduced,  there  is  more  dithculty  in  demonstrating  its  exi»trt»; 
it  will  then  be  found  that,  ultliough  the  ortlinnry  colour  uf  ^ 
test  squjire  is  recoguiaed  to  the  outer  side  of  the  point  of  tixaUa. 
it  appears  more  vivid  and  distinct  when  removed  to  the  iuner 
side.     By  using  light  shades  of  red  and  green  in  such  cases  ih* 
defective  colour  sense  can  be  demonsti-ated  with  certniuly. 

As  it  is  only  over  a  particular  area  that  the  colour  mow  is 
defective,  tlie  patients  are  often  not  aware  of  the  colour  Itliriiliic* 
they  have  acr^iiiictl :  a  large  surface  of  reil  or  green  apjKairs  u* 
them  quite  iis  tliHtinct  as  formerly.  By  taking  advantage  of  Klut 
a  pretty  rapid  uiethod  of  diagnosing  the  central  scotoma  maj  ^ 
practised.  If  the  patient  l>e  made  to  fix  a  white  mark  'id  i 
large  surface  of  red  jmper  on  which  is  ptunted  a  green  spol  ^ 
a  hue  exactly  complementary  to  the  red,  and  of  as  newlj  ■* 
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ponlble  tlie  siune  Rhode,  he  is  quite  itn<'onBcioiis  of  the  green^ 
and  eoiisidei-s  the  surface  to  he  uniformly  re<l  when  the  spot 
falls  witliiii  the  area  of  tl»e  scotoum,  while  he  iuauediately  sees 
it  ill  its  pro{)er  colours  if  it  he  heUI  so  as  to  cause  the  spot  to 
full  on  a  healthy  jxirtion  of  the  retina. 

Individuals  with  t<»luicco  umldyopia  often  complain  of  seeing 
worse  in  a  strong  light.  This  is  owing  apparently  to  some  co- 
existing h\*penfstlie«iH  of  the  retina,  which  cjiusea  any  glare  to 
he  uncomfortahle.  They  see  white  letters  on  a  hiack  l»aelvground 
better  than  the  ordinary  black  letters  on  a  wliite  ground. 

The  protjnosU  in  tolmcco  aujldyopiu  is  on  the  whale  veiy 
good.  A  large  proportion  tjf  cases  completely  regain  vision  if  the 
tobacco  be  st4Jpped.  Improvement,  thongli  less  rapid,  genemlly 
takes  place  when  the  amount  consumed  is  reduced,  or  when  the 
quality  of  the  toliacco  used  is  mihler.  This  is  the  more  likely 
to  Uike  place  if  smoking  l>e  indulged  in  only  after  meals.  Some- 
times, though  very  rarely,  recovery  may  Uike  j)lace  without  any 
change  of  habit  with  respect  to  smoking,  "Wlien  this  hapi>eii3 
it  is  prolwiidy  to  be  explaineil  on  the  assumption  timt  some  con- 
dition of  the  system,  which  has  permitted  the  tobacco  to  get  the 
upper  hand  and  produce  its  poisonous  elTecta,  has  been  so  far 
recoveretl  froni  us  to  enable  the  intUvidual  to  throw  ofl"  the 
poison,  notwithstanding  tlie  cumulative  action  which  Iuls  taken 
place.  It  is  not  prolmble  that  the  symptoms  have  been  due  to 
anything  else.  A  very  varying  time  elapses  between  the  stop- 
ping of  the  toJMicco  and  complete  recovery,  dej)ending  pirtly  on 
the  degree  of  blindness  and  pirtly  on  individual  peculiarities. 
Often  there  is  a  pcritjd  of  a  month  or  six  weeks,  or  even  longer, 
Itefore  improvement  begins  at  all. 

Prolwbly  in  xmuiy  casea  where  tlie  vision  is  a]n>arently 
reduced  to  much  the  same  extent,  there  may  yet  Ix*  great 
dift'erences  in  the  density  of  thescotoma,  aniiconse([uently  in  tlie 
extent  of  the  toxic  tiction  which  has  taken  place.  On  the  whole, 
the  younger  and  more  healthy  the  individual,  and  the  smaller 
the  ilegree  of  blindness  produce*!,  the  more  rapid  is  the  cure 
likely  to  he. 

Tlie  trattmeni  consists  in  aUtpping  the  use  of  tolmcco  in  any 
form  altogether.  Although  merely  diminisliing  the  amount  con- 
sumed may  be  suHicieut,  it  is  found,  as  a  rule,  easier,  and  it  is 
oeitaiiily  safer,  to  give  it  up  altogether.     In  addititui,  either  in- 
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Iialutiou  of  a  few  ilroj»8  of  nitrite  of  axxuyX  or  tlu'  interualu*  "I 
uiti*o-gl\Tcrine  in  sinnll  ipiaiititii'S  (jin  gr.)s*inietiim*iHiprtirelo 
liiistrn  rec-over}'.  All^ntion  nuist  also  l»e  pait.1  Ui  lb**  grnwil 
health,  and  an  attempt  hIiouM  he  made  to  improve  any  i-ooiiitKiu 
hy  which  tlie  syetctn  is  likely  to  be  lowered. 

Tho  losioii  which  produces  this  peculiar  form  of  amUyopi*  u  w« 
known.     'I'he  regularity  in  the  almpe  of  the  scotoiua,  ua  well  «&  Uv 
fonipleto  recnvery  which  so  often  takes  pliice,  render  it  r- »-•-'■ 
uuUktdy  that,  lis  hits  been  luaintaiiitHl  hy  8omc  lat^ely.  it  i* 
retrobuUmr  neuritis.      In  umioulited  ejk«es  of  timt  imf 
the  CL-nlnd  vision  is  uuwtly  aOected,  then*  is  lurtdy  <  i 
amount  of  lilindncss   in  hotli   eyca,  or  any  constuucy   m   ■ 
of  the  scotDina,   while  at  the  same  time  there  is  not   lui; 
some  sli;iht  pcriplicnd  rerilriction  of  the  held,  and  rnrrly  a^  muii'i^ 
and  certainly  by  no  lyeans  aa  fref^uent,  recovety.      It  is  morr  jmiWlU 
cither  that  the  |H>isonnuH  elfecL  itii  exerteil  on  some  part  of  the  litua 
wliich  includes  the  central  terminations  of  the  papillf»-mjfccuiar  &^»ns, 
or  that  some  limited  vjisoniotor  change  affect*  these  fibres  in  •omo  part 
uf  their  course.      Apart  from  the  cases  of  true  retrobulbar  twanti* 
refeiTcd  to  at  page  233,  there  are  others  which  exhibit  Uie  fl>inptrttt 
of  u  central  scotoam,  but  which,  nevertheless,  are  not,  ii>rrecll)  »{«ic' 
in;r,  eithrr  cases  of  central  or  of  toxic  amblyopia.      It  is  the  cJti«t«i« 
of  such  cases,  no  doubt,  wliich  lias  lol  lu  liie  luist-ake  of  oon«^i»iiitf 
tijxic  nmhlyopiu  to  be  <lui*  to  intlaniumtorj-  rhanijes  in  ibo  optic  ntfnt 
The   true  cases  of  toxic  amblyopia  have  nut  so  fur  been  cianiiM^i 
aiiatoniic4dIy. 

An  attem]>t  has  been  made  R'eently  by  Jensen  to  rhuKify 
cases  of  atypical  ceuti-al  aiublyojiia  in  which  the  appcamni' 
central  scotoma  in  one  or  bt^th  eyes  is  only  a  tran«ilory  phcno 
and  not  the  essential  and  only  characteristic  symptom  of  ihc  atT* 
dcnsen's  statistics  are  taken  fn>m  Hunsen-Orul's  cJitdc.  JnciuJiii^ 
one  group  of  retrubulbar  neuritis,  al^)ut  30  per  cent,  of  tJie  o»*<  "J 
central  scotoma  examined,  whieh  numbered  in  all  ronsidriaUy  mrw 
400,  were  considered  to  be  atypical.  Jensen  elasfiifiea  these  atypiol 
coises  un<ler  the  following;  heads: — Stationary*  scntomaU^tw  optit 
atro|)hy  ;  progressive  s^'otomatousoplii-  atrophy  ;  bilat4?iral  ofitic  neuriw 
with  central  scotoma;  unilateral  amblyopia,  neuritis  or  aUopliT  «Ttl> 
central  scotoma  ;   and  ylauconiu  simplex. 

The  most  importiuit  of  these  gr*»ujis  is  the  fioiimyxry  <vo/*»M«rf'*' 
«///!>•  nirophy.  Caw\s  of  this  nature  were  found  to  constitute  •)■'«! 
25  per  cent,  of  the  atypical  varieties  of  central  amblyoptA,  or  *  p'^ 
cent,  or  8  per  cent,  of  all  the  atfeetinus  chamcteriscil  at  fionie  limt  '* 
other  in  their  course  by  a  central  scotoma.  (Jf  this  group  Jw»*o 
gives  the  following  description  ; — 

"  It  o<:cur8  exclusively  in  young  men  under  the  age  of  34,  muinT 
lietwcen  the  twentieth  and  twenty-fifth  year;  i>ccasiuually  showing* 
hereditary  tendency,  sometimes  ap[mrei^t1y  causetl  by  want  of  iI^'P 
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and  other  weakouuig;  ffictors  ;  often  without  any  demonstrublt*  cnust*. 
Thu  affection  be^ns  with  <*onsiiiflmbU>  aniMyopia,  which  ocours  either 
ftiulticnly  or  reoches  a  maximum  in  the  course  of  a  short  time,  without 
bting  iicoompunitHi  by  disturbancos  of  general  healtli ;  it  develops 
usnally  simultaneously  in  lioth  eyes, 

*'  On  examinfttiou  of  the  held  of  vision  a  central  scotouui  is  found 
of  about  the  same  size  and  fonn  aa  in  amblyopia  ccntmlif*,  but  much 
more  complete — white  object*,  presenting  a  visual  angle  of  1  to  2 
ilei^reea,  di.^pf)earing  either  entirely  or  becoming;  very  indistinct 
within  its  artu.  Corresjionding  to  thia,  Hxatiou  is  uncertiiin  or  eccen- 
tric During  itfl  courw*  the  density  of  the  scotoma,  and  consequently 
the  central  amblyopia,  n-mains  a.s  a  rule  unchanged. 

'*The  periphery  of  the  liehl  of  vision  may  pri'-sent  slight  anomalicji 
in  llie  colour  sense  ;  rarely  complete  or  permanent  red-green  blindness. 
Karlberf  tran3it')ry  defects  of  peripheral  viBion  for  white  objects  may 
ariae.  As  a  mlc,  the  periphery  remains  normal  during  the  wholo 
course. 

•' Ophtlialmoscopically  there  is  found  to  be  complete  atrophy  of 
th«  papdlo),  and  this  sometimes  very  early  ;  as  a  rule,  it  is  decided 
l»efnrv  the  lapse  of  a  year.  Occasionally  there  maybe  a  suspicion  of  a 
ii«uritic  origin  ;  on  the  otlter  hand,  a  decided  intraocular  neuritis  is 
never  found  to  precede  the  atroitliy.  The  prognosis  of  this  atfectioa 
is  bad  tpif^od  rentituiuyneMj  but  ab^ilutely  good  quoad  ca'Htntew." 

Proffrcxjtiie  licoiomntous  atrophy,  whifli  occurs  witli  ubout  the 
Bsme  frequency  as  tlie  stationary  form,  is  met  with  only  iu  men  of 
middle  age,  rarely  if  ever  before  35.  It  is  to  Ix!  regarded  more 
»8  a  jMirlicnlar  fnnn  of  *h;velopnieiit  <if  spinul  atrophy  than  an 
iudejH'ndent  tiiseuse  like  either  central  tuxic  amlilyopia  or 
stationary  BCutomatouH  utropliy.  There  is  frequently  a  8}'])hi]i- 
tic  liistory,  and  an  association  with  more  or  less  well-marked 
premonit^^ry  symptoms  of  tiiltea  doi-salis.  The  bliudnwiH  usually 
comes  on  in  the  one  eye  before  the  other.  Thf  main  points 
in  connection  with  these  affections  are  thus  sumnu'd  up  by 
Jensen : — 

The  affection  begins  as  a  central  amblyopia,  with  a  central  colour 
>ma  and  int<»ct  jxiriphcry. 

The  scutfjma  has  exactly  the  same  form  and  degree  of  saturation  as 
that  in  amblyojua  centmiis,  and,  just  tiB  is  the  ca^rte  in  that  aQ'ection, 
the  defect  for  white  objects  can  only  be  discovered  for  miiumal  visual 
angles.  During  the  course  of  the  disease  the  scotoma  retains  its  size 
and  its  relative  character. 

In  the  periphery,  on  the  other  hand,  anomalies  come  on  charac- 
teristic of  progressive  atrophy,  the  boundaries  for  colours  become 
narrowed  centri^M^tally ;  and  tinally,  though  often  very  late,  those  for 
white  also.     At  this  stage  the  original  scotoma  is  frequently  unrocog- 
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nisable  ;  the  disease  nins  a  course  similar  to  an  oriinan*  pm^rwrn  1 
atropliy,  and  the  proguosis  is  as  bad  as  other  case^  of  thai  dciehpCML  J 
Complete  atrophy  of  the  papillffi  comes  on  \rith  cerUmty^ndiii  I 
rule  earlier  than  in  the  precediuf;;  form  ;  it  may  generally  be  diagomd  1 
at  an  early  stage.  ] 

Reflex  and  Hysterical  Amblyopia. — Tlie  forms  of  bliiH^ 
ness  which  may  be  included  luuler  this  lieadiug  are,  for ;" 
part,  cases  of  what,  in  coulradistinction  to  central  auiii    j- 
inight  well  be  called  ^yeripJural  ainblyopia.     They  are  |KTha(* 
in   many  respects  the  most  intereatiug  and  curious  av^  4 
amblyopia  without  ophthalmoscopic  changes.     Reflex  imt«U7w 
may  pi-oceed  from  the  teeth,  stomach,  or  intestines,  or  frtim  llr 
uterus  and  ovaries.     The  amblyopia  to  which  the  irriiftti  ■ 
rise,  after  persisting  for  months,  often  ^lisappears  ^uu...; 
retnoval  of  the  wnirce  of  irriljition.     Very  little  is  known  of  tbe 
nu)ic  exact  piLtholoj;y  of  these  cases.      They  are  vasomotor  di^- 
tLirbauces  no  doubt,  but  whether  of  the  retina  or  of  tlie  cenlm 
of  vision  is  not  very  clear.     The  former  appears,  howev«»tk 
more  likely,  as  they  fre«juently  exliilat  the  syiuptoma  of  iiwv 
thesia  or  hypeni'sthesia  of  the  retina,  the  field  of  vision  as  a  rulft 
Unng  concentrically  restricted,  sometimes  to  a  very  exlreme 
extent,  while  the  central  vision  is  not  so  vary  much  impaiivl 
A  remarkable   peculiarity,  too,  is   the   inconstancy  shown  in 
the  degree  of  restriction  of  the  field  of  vision  when  succesB^Te 
examinations  are  nuidc  at  short  intervals.     The  only  thing  thftl 
appears  to  1>€  at  all  constant  is  tlmt  the  tiehl  of  vision,  testwibj 
mo\ing  the  teat  object  in  towards  the  centre,  is  Itu^r  than  wha 
tested  l»y  moving  it  in  a  centrifugal  <lirection,  sliowing  a  wpid 
tiring  of  t!ie  retina,  or,  it  may  be,  of  the  attention  to  nsual  im- 
pressions.    In  some  of  the  more  distinctly  hysterical  cases,  to*, 
there  api)ears  to  be  a  considerable  improvement  in  peripbenl 
vision  in  sulHlued  light. 

Cases  of  complete  hysterical  amaurosis  are  the  moat  estn- 
ordinary.  both  in  their  symptoms  and  in  the  suddenness  with 
which,  under  ccrt^iin  strong  eniotif»nal  excitements,  they  niijle 
recovered  from.  The  condition  is,  of  course,  mostly  met  with  im 
women,  but  1  have  seen  with  Dr.  Byrom  Bramwell  im  absohileir 
t}']>ical  example  of  hysterical  amaurosis  in  u  boy  of  twJre. 
There  is  in  such  cases  evidently  a  withdrawal  of  the  nltontioo 
from  the  impressions  received  by  the  nsual  centres.  whiLst  tl 
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the  same  time  a  uiore  or  less  conscious  peix:eption  of  the  impres- 
sion* rfimains.  The  colour  vision  in  hysteric^.!  aml)Iyopia  is  very 
curiously  abnonniil,  and  often  rtfl'ected  in  quite  n  ditierent  way 
from  tlint  met  with  where  defects  in  this  function  accompany 
more  definite  lesions.  Thus  blue  and  yellow  frequently  appear 
to  be  less  well  recognised  than  red  and  gi*een,  but  all  sorts  of 
poesible  varieties  in  the  state  of  the  colour  vision  occur. 

ScBJECTivE  Sensations  of  Liuht  axd  Colour  may  proceed 
from  some  irritation  of  the  retina,  or  may  be  due  to  irritations 
of  the  visual  centres  in  the  brain.  It  is  by  no  means  always 
easy  to  detect  in  any  particular  case  what  is  their  nrigin. 
Generally  speaking,  photopsia  due  to  retinal  irritation  is  uiost 
evident  after  any  prolonged  exposure  of  the  eye  to  strong  light, 
or  after  anything  causing  fatigue  cither  of  the  retina  or  of  the  Ixnly 
generally,  and  tends  to  become  less  marked  or  to  disiip(>ear  alto- 
gether wlien  the  eye-s  are  rested,  and  therefore  especially  at  night. 
Photo))siu  caused  by  irritation  of  the  visual  centres,  on  tlie  other 
hand,  is  often  most  distressing  at  night,  and  at  times  when  the 
eyes  aie  not  subjected  to  stimidation  from  the  onlinary  ol>- 
jective  soiirccA  In  some  caaca  of  liyj>cru.'8thesia  of  the  retina 
complainte  of  coloured  vision  are  made.  This  kind  of  chrtuua- 
topsia  is  evidently  the  result  of  the  n»siwiast'  to  stinmli,  which 
would  otherwise,  on  account  of  their  feebleness,  be  disregarded. 
Owing,  however,  to  the  irritable  condition  in  the  i-etina,  t>r  of  the 
more  central  jntrtions  of  the  \isual  apparatus,  tliese  feeble 
stimuli  evoke  sensations,  just  as  hypera-sthetic  individmds  may 
!»  affected  with  ]>aiu8  for  which  little  or  no  objective  cause  can 
l*e  tletecte(L 

A  curious  fonn  of  subjective  colour  sensation  has  recently 
received  a  gooi.1  deal  of  attention.  It  is  mostly  met  with  in 
aphakia  after  cataract  extraction,  ami  consists  in  a  luore  or  less 
constant  sensation  of  everything  looked  at  being  colouretl  a 
vivid  blood-red.  There  is  no  veiling  of  the  objects,  but  merely 
a  marked  re^l  coloration.  The  condition,  to  which  the  name 
rrytkropsia  is  generally  given,  lias  not  yet  received  a  satisfactory 
explanation.  It  has  been  ascrilied  to  the  dazzling  caused  by 
rays  of  liglit  passing  through  the  coloboma  in  the  iris,  or  to 
that  along  witli  some  fatigue  of  the  retina.  As  it  is  met  with 
in  other  conditions  tlian  aphakia  and  coloboma  of  the  iris,  and  is 
not  a  very  common  occurrence,  it  is  in)j>ossible  that  these  should 
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in  themselves  be  of  paniiiiounl  influence  in  U»e  prwiuctan 
the  erytliropsitt.     When  it  appears  after  a  caUirftct  «?xlrH  i 'm 
wnnns  usually  not  to  coiue  on  until  some  time  after  the 
It  is  met  with  in  easa^,  uxt,  where  everything  lias  gone  vi^li,iM 
giHjd  vision  has  been  obtaineil. 

The  influence  of  fatigue  or  hypera^theaia  of  the  nUin  it 
^riving  rise  to  coloured  vision  is  undoubted.  Some  jHiisDiiiwhidj 
cause  nerve  fatigue  (K'.wisionuUy  also  give  rise  to  chn)iiuito{aft. 
Thus  red  and  green  ^'i8ion  has  been  met  with  by  Bruce  tad 
oth(M*s  in  eaHen  of  [K)isoning  by  bisidjihide  of  earltoii.  JUflf 
authors  liave  described  a  condition  of  yellow  vision.  or-w«Mi»^ 
in  jaundice.  It  is  certainly*  not  a  common  occurrence,  howuvw; 
anil  wlien  it  does  occur  it  is  probably  due  to  u  yellow  disoto- 
tiou  of  the  dioptric  media,  whicli  for  some  retisttn  or  other  w  wit 
often  occasioned  in  jaundice. 

Some  forms  of  subjective  light  sensation  are  of  cerel)nil  ongia- 
One  of  the  most  connuon  is  that  associated  with  h^nitmtn/i.  U 
luity  iH'gin  in  ililTerent  ways,  and  last  for  a  longer  or  ahtfta 
time,  usually  after  prolonged  bodily  or  mental  fatigue,  or  at  a 
tintL'  when  there  is  more  or  less  nerv<ius  exhaustion  fn)m  wurt 
of  food  or  sleep ;  it  suddenly  makes  ita  appearance  as  ft  d«A 
spot  to  one  side  of  the  tield  of  vision  in  both  eyes.  The  dirk 
ixwix  shjwiy  incnaises  in  size,  and  after  some  time  bcvooKS 
l>ordered  by  scintillating  and  often  coloured,  zig-zag,  maipm  ^ 
gi-cAiter  or  less  intensity.  Tlje  configuration  of  these  margins  uf 
light  often  resembles  the  angidar  wavy  outline  of  a  fortification. 
and  for  this  rcixsou  Airy  gave  to  the  affection,  from  wliich  Iw 
himself  suHered^  the  name  of  ieichupsia.  The  duratiou  nf  ibe 
whole  visUfil  disturbance  is  genendly  less  than  half  au  hour. 
The  a])pearaiices  fade  away  from  the  centre  towards  the  peri' 
pliery,  and  are  liiost  frequently  followed  by  severe  beadftflM. 
aften  accompanied  by  sickness,  which  lasts  for  several  bows. 
T!ie  central  nature  of  the  subjective  sensiUions  just  described  i« 
pretty  definitely  esUiblished  by  the  fact  that  they  may  rcctir^ 
and  indeed  this  is  most  frequently  tlic  c*ise  in  true  heraiannjiic 
form. 

Tliia  could  (inly  bo  tho  casw  when  t\w  temporary  dislAirhfio*. 
whotlicr  vfli?nmotnr  or  of  whatever  otlier  nature,  was  situat«<l  ceiitnlij 
with  respcrt  to  the  chiasiiia,  imltwss  possibly  a  vasomotor  distmhiiw* 
took  pluGu  Bimultaucuusly  in  symmetrical  lialves  of  both  rctinu:.    Tbo 
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Utter  poesibility  is  unlikely,  because  it  would  not  be  in  acconlnuce 
vith  the  Anatomical  umuigemeut,  so  fnr  as  ia  koowii^  of  the  uvrve 
fibns  which  «iipply  the  rctiniil  vcsseLi,  hut  more  especially  because  no 
ich  di^turbani-t'  can  Ut  detected  by  ophthalmoflcopic  examination 
iring  the  occurrence  of  the  Bymptoins.  On  this  latter  point  1  am 
to  confirm  the  ol>*er%'ations  made  by  Forster,  Haskett- Derby,  and 
Thtr  occa-sional  occurrence  at  the  same  time  of  other  c(*rebrul 
iptoms  i*  another  circumstance  which  is  suggestive  of  a  central 
ij(in.  vVn  inten^ting  experiment,  too,  which  points  to  the  same 
eoneliuion,  was  made  by  Kuuh.  He  found  that  phosphenee,  or  suV 
jective  aensations  of  light  protluced  by  pressure,  could  not  otdy  be 
;►»  rceived  during  the  attack,  but  that  th«>se  were  referred  to  a  different 
;ilaa^'  froiu  that  to  which  tlie  scintillating  scutomuta  were  projected. 
It  sterns  pwVjuble,  though,  that  when  the  hemianopic  or  bilateral 
dtiir-icter  is  Dot  marked,  the  diaturbanco  may  in  some  cases  really 
prix-epd  from  the  retina.  Thus  I  have  occasionally  nift  with  eccentric 
negative  scotomata  in  one  eye,  which  appear  to  liave  l>een  the  result  of 
attirks  of  this  nature.  It  would  be  interesting  to  try  the  result  of 
Knms'  experiment  during  the  attack  in  such  civses.  Another  kind  of 
reulral  HuhjectLve  coloured  vision,  which  is  probably  much  rarer  than 
thai  eunneclwl  with  hemicrania,  lakes  the  tbnn  of  an  aura  preceding 
au  epileptic  tit.  This  1  have  not  seen,  but  it  is  described  by  Hughlings 
Jackson,  and  seems  m«i8t  commonly  to  be  an  erythropsia,  everything 
appearing  tf>  the  patient  intensely  red. 

Idiopathic  Nioht  Blindxess. — If  the  eyes  be  stibjected 
continually,  day  after  day,  to  a  more  than  usually  intense  light, 
auch  as  in  reflectetl  from  the  surface  of  the  sea  or  plains  in 
tropical  climates,  or  from  chalk-pits  or  snow,  there  is  apt  to  l>e 
act  Tip  a  condition  which  has  l>een  called  idiapaihw  nitjht  Uind- 
iwa*.  The  condition  arises  from  the  illununation  of  the  whole 
retina  by  strong  irregularly  reliectud  or  scattered  ligiit;  other 
svmptonis.  %'iz.,  u  central  scotoma  due  probably  to  coagulation 
or  some  other  molecular  change  in  the  retina,  are  caused  by  the 
direct  action  of  the  light  from  strong  sources  of  illumination, 
Buch  as  the  sun  or  electric  ore 

Physiiologically  there  ejcista  a  condition  in  some  respects  allied  to 
night  blindness.  Thus,  if  we  suddenly  enter  a  darkened  rooni,  ailer 
our  eyes  have  been  exjH>swl  to  the  full  light  of  the  day,  we  ex|>erienee 
ftl  6r8t  a  much  greater  ditfieulty  in  recognising  objects  around  us  than 
we  do  after  the  lap«e  of  some  minnt<'8  sj>ent  in  the  comparative  dark- 
ncaiL  AVhat  is  callc<l  nn  adaptation  of  the  retina  takes  place  graduidly, 
and  itt  longer  in  attaining  its  maximum  the  more  intense  has  been  the 
fllumination  to  which  the  eyes  were  previously  subjected.  The  time 
neccasary  for  complete  adaptation  is  also  subject  to  indi%'idual  diHer- 
enoes,  depending,  amongst  other  conditions,  on  the  stato  of  the  health. 
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Iiliopathic  night  blindness  is  more  especially  liaiile  to  rem 
if,  along  with  the  exposiue  to  strong  light,  the  individual  is  ibe 
subject  of  S(5me  weakness, — malnutrition,  aruwiiia,  scurn,  Ac 
Anil  although  ui  much  the  greater  number  of  cases  of  idioji 
night  l)lindness  the  priniury  exciting  cause  has  lieen  foand  tuj 
referable  to  the  action  *.»f  strong  liglit  alone,  or  rnmliiiitsl 
such  conditions  us  those  mentioned,  a  certain  proportion  of 
appear  to  occur  as  a  result  of  these  debilitating  circi 
iudei)endently  of  any  abnormal  conditions  of  illumumtivQ. 
this  niiturt*  an*,  tlie  cases  deiicribcd  as  occurring  in  women  abortlT 
liefore  confinement,  and  in  some  case«  of  cirrhosis  of  f^-  '''^^ 
and  jaundice.     Tlie  few  eases  which  I  have  Been  of  i' 
night  blindness,  wliicii  is  nmch  more  common  in  tJu- 
countries  of  Europe  and  in  the  Tropica,  have  Ir>«u  in  s^. 
soldiers  who  have  returned  from  these  regions.     Thf'  ii'   ; 
apparently  begins  with  a  condition  closely  resembling  Uut  joil 
iiescribed  as  physiologicul,  but  in  which  the  period  occupiwl  bj" 
the  adaptation  of  the  retina  is  very  much  prolonged.    EventujtlJj 
the  adaptation   has   not  time  to  become  complete  U'fttrf  ihr 
individual  is  again   subjected   to   the  unfavourable  t'oniiitioas, 
and  80  a  true  night  blindness  is  more  or  less  griidually  acqniwd. 
Tin-  dilTiicuUies  of  vision  come  on  during  dusk.     In  ronuw,  U*i. 
wliich  arc  illaminate<l  by  artificial  light,  unless  the  lUiimiiuUun 
is  pretty  powerful,  only  objects  directly  illuminated  by  thesovrot 
*if  light  ore  seen  distinctly,  the  others  being  more  or  le»  in- 
distinct, according  to  the  severity  of  tbe  syniptoma. 

The  condition  is  one  of  anaesthesia  or  torpor  of  the  rrtirm,  Thrk 
retiuirca  au  nlmonunlly  strong  stimulus  to  awakeJi  it«  phr8ii>ki(iiai 
activity.  Other  symptoms  are  found  at  the  samo  tinio  .T.  '  ■'« 
or  li3»8  on  the  same  cause.     Thus  there  is  often  a  rt^sthct  "*M 

of  vision  to  an  extent  which  varies  in  different  canes ;  tuciv  Uy  tuOv  * 
certain  amoimt  of  defect  in  tlie  vision  for  blue,  which  lejuh  w  » 
tendency  to  confuse  Iwtween  sliades  of  blue  and  greou,  a  coD'litioB 
which  is  not  cliaracteristic  of  any  form  of  true  congenital  colour  bhuii- 
neas.  Alfred  Graefe  has  also  de^scribed  as  complications  dctcftin 
accommodation  and  (convergence,  aa  well  a.H  a  dimmii>hed  UihIcSict 
towaixls  the  fusion  of  double  imager  produced  by  pnsm«.  Tlit)**-  ^ 
probably  due  tf>  defective  stimulation  to  reflex  or  assoeiatwi  .KtJ'«N 
owing  to  weakness  of  the  atforent  stimidus.  They  disapi^'Af  sl*^'"^ 
with  the  nij(ht  blindness.  Acconling  to  Keymondj  tlie  vi^iul  k*^? 
of  indiviibial3  snfiering  from  idiopathic  night  blindne.48  do«eQot  Up> 
to  diminish  until  the  strength  of  the  illaminatiou  is  rodiicrd  to  %  ^^ 
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which  begins  to  toll  on  thu  uormal  acuity,  but  from  tluB  ]>oint  there  ia 
II  very  much  more  nijtid  deterioration  thnn  in  nonnal  oyos  as  the 
tllumination  is  further  reduced. 

The  indication  for  treaijtunt  is  to  withhold  light  so  as  to 
allow  the  retiirn  timo  U)  recover  itat'If;  and  in  tMiiiiplyiii^  with 
this  indication  it  is  not  necessary  to  keep  the  patients  in  absolute 
darkneAS,  but  merely  in  considerably  subdued  liglit,  either  by 
the  use  of  dark  spec^Uicles  or  residence  in  n  darkened  room, 
while  at  the  same  time  attention  should  be  diiected,  if  necessary, 
to  means  calculated  to  improve  the  general  health.  Treatment 
canied  out  on  these  lines  is  always  successful,  and  iisusilly  lifter 
a  ver}'  short  lime.  There  appears,  however,  to  be  a  (K>cided 
tendency  to  relapse,  which  should  be  guarded  against  by  a 
ppolongJition  of  the  treatment  after  recovery. 

In  a  CDiisidomble  propctrtion  of  cases  of  idiojwithic  night 
blindness  thei'e  is  also  u  condition  of  xerosis  of  tlie  conjunctiva 
due  to  the  glare  which  gives  rise  to  the  defect  of  vision.  A 
micro-organism,  sujiposed  to  stand  in  some  causal  connection 
with  this  xerosis,  has  recently  been  discovered. 

Idiopathic  night  blindness  is  iiccompanied  by  no  marked  or 
constant  ophthalmoscopic  changes.  According  to  I*on<et  there 
is  constriction  and  dilatation  of  the  veins  of  the  retina^  con- 
ditions which,  if  they  exist  at  all,  liave  certainly  little  to  do  with 
the  characteristic  symptoms.  This  absence  of  ophthalitioscopic 
changes  is  also  generally  cliaracteristic  of  the  somewhat  rare 
c<mdition  of  congenital  night  blindjiess,  although  it  is  highly 
probable  that  it  is  closely  allied  to  the  degenenitive  change  of 
i\w  retimi  known  as  retinitis  pigmeutosJi ;  pctssibly  it  anay  be 
the  same  disease  occuiring  during  intni-uterme  life.  Cases  of 
congenital  night  bliixhieas  have  not,  however,  generjilly  been 
found  to  Ifc  complicated  by  restriction  of  the  field  of  vision,  so 
that  they  may  l»c  due  to  some  defective  development,  especially 
fts  they  remain  stationary  during  life. 

Experiments  of  Chnrpentier  and  others  have  demonstrated  pretty 
CQDdUAively  that  there  are  two  distinct  retinal  end  organs,  through  the 
medium  of  which  the  tmusformution  of  physical  atutvB  into  the  nen'ous 
stimuli  leading  to  vision,  takes  placj?.  One  of  these  merely  effects  the 
transfonnation  of  energy  whicli  gives  rise  to  t]»e  perception  of  light, 
ami  is  thert'fore,  so  to  speak,  the  end  organ  for  the  light  sense.  The 
uther  is  capable  of  diffen-'utiating  the  impressions  which  it  receives  (or. 
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it  may  be,  the  difference  of  th«  iniprt-Bsions  i'ornietl  un  the 
organs),  so  as  to  lead  eventually  to  a  oonsiciousufess  of  tV 
inteuBitiea  anil  quality  of  the  light  raya  falling  on  diffir 
retina,  and  thus  give  rise  to  the  aensations  of  form  and  > 
may  be  calle<l  pliysiological  night  blindness  shows  thai  on  m 
light  there  i3  produced  a  certain  degi-co  of  exhaustion  of  the  X.-^^' 
end  orgaiif  so  that  a  certain  time  has  to  elapse  before  it  rv<< 
sufficiently  to  he  cupable  of  its  full  delicacy.     As  has  bcfn  ^^...  l.., 
abnomml  stimuli  are  cnpahle  of  very  much  intensifying  the  rtaif  d 
exhaustion,  and  consequently  of  prolonging  the  period  Deo**Mn  far 
recovery.     Thus  it  becomes  a  mere,  question  of  tht»  Ikftlaniv  bftirt«i 
supply  and  demand,  so  that  it  is  cvi<icnt  that  «n  abn- -         " 
exhaustion  may  br  occawoned  by  cither  an  excoasivc  > 
one  hand,  or  n  defective  supply  on  the  other.     Therv  i>  li. 
occasion  to  relegate  to  ^litferent  categories  of  causation  the  , 
ni<^ht  lilindnef^  caused  by  strong  light,  and  that  rui^uiting  occasoniilr 
from  ddiilitiUing  disease  or  from  altered  conditions  of  the  blood,** 
bol}i  may  evidently  be  due   to  exhaustion   in   the  same  end  ucjpB. 
What  that  end  orgnn  probably  is,  wo  learn  by  a  study  of  tin*  wn 
distinctly  pathologicni  conditions  nssociatc*d  with  the  s^rTnplom  of  ni^t 
blindness,  for  we  tind  then  that  whenever  there  is  ub^eucn  or  d«tn^^ 
tion  of  the  retinid  pigment  cells,  be  it  congenitjd   or  the  rt*ull  «f 
inflammatory  or  degenerative  change*,  there  night   hlindncsH  is  n  mow 
or  less  marked  symptom,  and   this  imlependtntly  of  whether  (Hbrr 
oleinenl5  of  the  retina  are  affected  or  not. 

Musc.'E  VoLiTAXTES. — The  appearance  of  sliadows  in  fnmt 
of  the  eye  may  or  uniy  not  he  piitho!(»gical,  iM^-oording  1*1  llnr 
nature,  inul  the  conditions  under  wliich  they  are  seen.  Tl»«* 
Hre  many  irro^ularities  iu  the  uunuul  eye  which  interfere  Im  4 
sliglil  extent  with  tlie  passage  of  the  light  mys  to  the  retina, 
ami  tlierefore  cast  shadows  ou  it.  These  sliadows  are.  however, 
Hiostly  to<:i  faint  to  be  perceived,  owing  to  the  siuoU  size  of  the 
bodies  which  throw  them,  coini>aix*d  to  the  extent  of  the  surfof* 
of  liLfht  fnmi  whitdi  ritys  ])aBS  through  the  ])npil.  The  sfiadow 
thrown  hy  one  piiiut  of  light  is  therefore  illuininaled  by  the»w 
proceeding  from  others.  Only  such  bodies  as  lie  very  close  to 
the  retina  arc  rendered  nt  all  visible  by  their  shadows,  and  even 
then  are,  as  a  rule,  so  faiut  as  to  escape  observation. 

Many  people  notice  small  faiut  shatjows  which  they  project 
to  different  distances  in  front  of  their  eyes  when  lookijigat* 
uniformly  illuminated  surface,  such  as  a  white  cloud  or  aslnwt 
nf  white  paper.  These  have  difl'erenr  shapes;  they  ore  annulitf. 
or  strung  toj^ether  in  beaded  chains,  or  have  more  the  npp^r- 
ance  of  irregular  shreds  of  tissue.     They  are  not  as  a  rule  tii«i. 
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m  that  while  following  the  movements  of  the  eye  they  are 
geocraUr  ohservod  to  change  their  ])osition  as  soon  as  tlie  eye  is 
braught  t<>  rt»st.  On  looking  upwards,  for  instance,  they  appear 
first  to  be  tlirown  up  along  with  the  eye.  On  this  account 
these  small  faint  shadows  are  called  muM'm  rolitantes.  They  Bi*e 
Gttused  hy  the  existence  in  the  vitreous  chamber  of  small  portions 
of  tissue,  probably  in  most  cases  embr}'onic.  The  fact  that  these 
shntds  of  tissue  throw  shadows  at  all,  under  ordinary  circum- 
stances, shows  that  they  must  l>e  at  the  p<jsterior  part  of  tlie 
vilreoufl.  Owing,  too,  to  the  free  movement  of  these  mu8c«,  the 
vitreous  must  l»e  more  or  less  fluid  in  the  portion  occupied  by 
them.  As,  however,  the  same  muscit  aiu  always  W  seen  over 
and  over  again,  pretty  much  at  the  will  of  the  individual,  and 
differ  very  little  in  their  faintness,  the  fluid  portion  in  which 
they  float  must  Ix?  very  narrow.  AVhcn  the  rays  which  entej* 
the  eye  proceed  from  a  himinous  source  of  a  very  small  extent, 
such  ajs  is  the  case  with  those  which  pass  through  a  pinhole  in  a 
card  held  close  in  front  of  the  eye,  the  uiusca*  appear  much 
darker  and  more  numerous,  and  otiier  more  anteriorly  placed 
irregularities  liecome  at  the  time  visible. 

It  is  not  easy  Uj  draw  the  line  l^tween  what  may  be  looked 
upon  as  pathological,  in  respect  to  the  appearance  of  muscce 
volitantes,  and  what  is  merely  physiological.  With  a  small 
pupil  and  continued  fixation,  such  as  is  uecessnry  for  writing 
or  drawing  on  strongly  illuminated  sheets  of  white  paper,  &c, 
the  musca*  seldom  fail  to  i>e  observed,  though  they  are  more 
readily  seen  where  there  is  myopia,  and  the  surface  looked  at 
lies  beyond  the  far  jMiint  When  attention  is  once  drawn  to 
them,  tliey  frequently  cause  considerable  annoyance.  Yet  imder 
such  conditions  their  appearance  cannot  l>e  considei*etl  other 
than  physiological  On  the  other  hand,  when  the  con<litions 
we  not  specially  favourable,  and  they  yet  c^use  more  or  less 
constant  annoyance,  they  are  an  indication  of  tlie  existence  of  u 
hypera-stlielic  state  of  the  retina,  and  as  such  often  of  some 
general  disturljance,  most  frequently  in  connection  with  the 
liver  or  other  digestive  organs.  "Wlien  numerous  and  change- 
oble,  they  {>oint  to  some  degree  of  liquefaction  of  the  post*?rior 
part  of  the  vitreous,  and  such  cases  are  often  a3Sf>eiated  with  the 
higher  degrees  of  myopia  As  long,  however,  aa  the  bodies 
casting  the  shadows  are  so  small  ais  not  to  be  recognisable  on 
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ophthuhutiscopic  examination,  tliey  may  be  generally  dLign«ed 
afl  mere  mu8C;e.     The  LirpiT  lioutiii^  opacities  in  cases  of  (lisesff 
of  the  viti*eou8,  or  lui*nion*hage  i«to  tiie  viti-eoiis.  are  vj.i!^t 
ophthalmuscopically,  so  that  the  complaint  of  anythin-; 
ing  to  float  in  front  of  the  eye  should  always  lead  om- 
a  proper  objective  examination. 

CoLOUTi  BuNDNEsa — Congenital  defects  of  colour  viflf« 
occur  in  fi-oni  tliree  to  four  per  cent,  of  the  male  \ 
civilised  countries.  Amongst  females  the  jwa'-eni 
mously  much  lower,  or  only  about  one-twentieth  of  thai  far 
males.  This  comparative  frequency  of  defects  of  colmir  viflim 
has  directed  attention  to  the  i)Ossible  dangers  which  uiijjht  iwah 
from  the  employment  in  our  I'ailways  and  mercantile  Heel  d 
individuals  unable  to  distinguish  with  c^rljiinty  l)etvra'n  red 
and  green,  the  colours  univei-siiUy  used  as  signalii.  Accidento 
diivctly  traceable  to  mistakes  arising  froDi  colonr  bliotloeii 
niu.sL  lie  of  extremely  rare  occurrence,  partly  becaiu^e  the  liw 
signal  coliuii-s  are  not  aun.»ugfst  liiose  piiirs  for  which  the  greater 
confusion  exists,  and  i^artly  because  the  recognition  of  the  sigial 
doe«  not  always  depend  upon  one  man  aJone.  The  powiblf 
dangers  have  certainly  been  eonsideiably  exaggerated.  Slill 
there  can  be  no  doubt  tlmt  a  systematic  examination  nf  tbe 
colour  nsion  of  all  persons  entering  these  se^^'iccs  is  desirable. 
Wien  the  possilile  daugei*s  in  cunnection  witli  c<dour  hlindiKV 
were  rccogiused.  it  natumlly  became  of  impoxtance  to  diMunr 
a  means  whereliy  any  trace  of  this  anomaly  could  l»e  fipeciltij 
dete<^teil.  Holm^'reii  has  the  merit  of  l»eing  the  tirst  to  ilevisc 
and  employ  a  method  which  has  proved  to  be  thomugWj 
pnieticid  and  expeditious.  It  is  a  well-known  fact  that  a  higfc 
degree  of  achromatopsia  may  co-exist  with  a  toleniI)ly  jifHw: 
power  of  naming  colours.  It  is  evident,  iherx'fore,  tkit  mt 
system  based  ou  the  stjitements  ma<le  l>y  individuaJs  n*  to 
the  names  of  Cfllours  presented  to  them  nnist  be  rejected  *< 
impracticable.  Holmgren,  therefore,  adopUxl  the  xnetht»d  4 
ampniison    U^tween    colonic    which    to    the    normal  eye  »« 

different ;  a  method  which,  in  a  less  perfect  manner iuaMuuch 

as  the  time  reijiiired  for  e.xamination  is  much  longer— was  D»a 
by  Maxwell  and  Seebeck. 

Holmg^rais  test  for  colour  Uindmu. — TIte  individual  ex*mini»i 
is  asked  to  pick  out  from  amongst  a  lai^ge  number  of  difTeiaU 
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lonrpd  W(v>l8  tliose  wliich  appe^ir  most  like  one  particulnr 
le  placed  before  hiui. 

r»m  the  way  in  which  the  test  is  executed  by  difierent 

ividuals,  it  tMiu  at  once  be  seen  whether  they  are  colour  blind 

Those  with  noniial  vision,  provided  they  are  possessed 

a  certain  amount  of  intelligence,  are  not  long  in  selecting  tlie 

»w  shades  wliicli  most  nearly  rosoniblo  the  pattern  given  theni 

*iuatcli.     A  colour  blind  individual,  on  tlie  other  hand,  soon 
}ceB  a  sufficient  number  of  mistakes  to  reveal  his  defect.     In 
order,  however,  at  once  to  obtain  some  idea  as  to  the  niiture  of 

§  colour  blindness,  it  is  advisiilile  to  choose  cert^iin  colours  as 
iema     Holmgren  begins  with  light  green,  and  when  mistakes 
made  with  this,  proceeds  with  some  sliade  of  rose — ^tliat  is, 
a  colour  between  red  and  blue.     This  is  very  well  suited  for  this 
purj-Mjse.  as  it  can  at  once  be  seen,  from  the  colours  with  which 
^kis  confounded,  in  which  direction  the  defect  lies. 

^^  Several  subsequent  investigators  have  reji'cted  as  superfluous  the 
preliminary  exaiuiiuiliun  with  liglit  gre*'ii,  and  begin  ut  tiuce  with  the 
ro8e  colour.  This  is  a  niistiike,  ns  ftithough  rose  i>robably  suifiLes  as 
a  test  for  all  ibnus  of  colour  blindness  when  complete,  yet  sh'ght 
anomalies  of  colour  vision  are  moat  ea-sily  detected  by  usinj,;  light 
gruen.  The  reasons  f  >r  elioosing  wool  insteiul  of  coloured  glass,  jMijier, 
pigments,  Arc,  arc  that  all  colours  and  shades  of  wool  are  easily  obtained, 
and  con  be  used  without  any  prepurnlion  ;  that,  having  the  same  colour 
f>n  all  Hides,  any  piece  of  one  colour  is  easily  recognised  amongst  a  lot 
of  others  differently  coloured  ;  that  the  rough  surface  causes  no  dilfi- 
culty  by  reflection ;  and  linallv,  tluit  wool  is  easily  jiacked  ancl  curried 
ut. 
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Holmgren  gives  as  the  result  of  examiuatiou  Ity  his  method 
the  following  chissilication  of  all  cases  of  defects  of  colour 
vision : — 

1.  Tota.1  cvhnr  hiindnr.vi. — In  tliese  cases  colour  Imes  are  not 
distingiuahed  from  each  other  us  such,  but  only  according  to 
their  relative  brightness  (very  much  in  the  same  way  as  the 
normal  eye  would  distinguish  coloured  objects  ilhnuined  by  n 
sodium  tlame  alone). 

^L  2.  I'artinl  colour  hlln/Jnrjis, — This  nujy  be  (o.)  complete,  or 
^^  incomplete.  Complete  partiul  colour  blijidness  he  di\ide3 
into  (a)  red  blindness,  (A)  green  blindness,  (c)  violet  liliiidness. 

Although  most  writers  are  agn;ed  as  to  the  ^eat  superiority 
the  above  described  method  for  the  rapid  iletenuiuiition  of 
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colour  hlindnoss.  there  is  a  want  of  unitniniity  wilh  v 
classitication  of  cases  of  pajlial  colour  blindness ;  soijil  -. 
whom  are  Herinj^,  Colin,  Stilling,  &c. — c^nt^iiding  Urn;  tiieii 
ia  no  difference  between  red  and  green  blindness,  and  Wwiaa 
blue  and  yellow  blindness,  whilst  othere— bonders.  KjiehliMna. 
Magnus,  &c. — follow  Holmgren's  classitication,  which  ia  l«9rf 
on  what  is  known  as  the  Young-Helmholtz  theory  of  colnnr 
perception. 

What  we  wish  to  know  is,  what  is  the  actual  conditiiQ  4 
the  sense  of  colour  in  those  who  are  colour  blind  ?  In  ibe  fir4 
place,  there  can  be  no  doubt  that  an  individual  who  is  Mind  ffw 
one  particular  hue  is  at  tlie  same  time  blind  for  its  complcimiiL 
TIihI  this  is  the  ca^  is  shown  by  the  following  fiir!&  II  b 
possible  by  the  rapid  rotation  of  a  disc  to  obtain  from  l}»m?« 
more  suitably  selected  coloiireil  sectors  an  im])re&^on  whicli  k 
identical  with  that  of  a  mixture  of  black  and  white  prDdwwltt 
the  same  way;  the  colours  taken  in  certain  ]»nijK»rti»ius  can  Ir 
got  to  neutmlise  each  other,  so  that  the  resulting  impressidU  is 
colourless.  The  slightest  removal  of  any  jKirtiou  of  one  nf  tiir 
colours  entering  into  the  combination  can  at  once  l»e  deiwt*! 
and  some  colour  sensation  is  the  result.  If,  on  the  other  bjuiil 
the  disc  shnulil  contain  two  sectors  of  exactly  complenii'iiLan 
colours,  their  simultaueons  removal  does  not  desti-oy  the  coliwii- 
leas  effect;  the  remaining  colours  coDlinue  to  neutralise  eadi 
other,  so  that  the  impressions  they  give  rise  to.  following  «ch 
otlier  in  rapid  succession,  resolve  themselves  into  grey.  Now  It 
is  found  tliat  the  same  mixture  which  to  a  normal  individual 
appears  shuilnr  to  a  mixture  of  black  and  white,  also  appears*) 
to  the  colour  l>]iiid  imlividual,  whence  it  follows,  as  lliey  aw 
known  to  be  blind  for  one  colour  that  they  must  either  bp 
insensitive  to  two  romplementar}'  hues  in  lioth  discs,  or  laonlj 
one  in  each.  If  they  only  fail  to  perceive  one.  both  discs  ninst 
appear  to  tliem  coloured ;  but  this  is  extremely  unlikely,  becAtV 
then  all  objticts  which  appear  to  the  normal  eye  colourless  molt 
appear  to  them  coloured.  Tiiere  is  in<ieetl  no  reasun  to  suppo* 
that  thus  is  tlie  case.  But  there  is  another  rciisou  for  believing 
that  it  cannot  lie  so,  viz.,  the  analog}-  which  exists  betwwii 
physiological  colour  blindness  at  the  periphery  of  the  reticH  imi 
the  normal  colour  sense  on  the  one  hand,  and  pathological  colour 
bhnduess  on  the  other. 
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Atlamnk  nnd  Woinow  have  fount!  that  the  colour  mLxturcs 
wtiicli  appear  grey  at  certaiu  pirL8  of  the  perijihery  of  llie 
rtiinu  vary  according  to  the  intensity  of  the  illumination. 
According  to  Donders  and  Landolt,  too,  the  peripheral  colour 
impresBions  do  not  differ  from  the  central  if  the  intensity  of 
illunuoation  l>e  increased.  Although  the  colour  hlindne>is  exist- 
ing for  the  peripheral  parts  of  the  field  of  vision  is  apparently 
therefore  only  partial,  still  the  fact  remains  that  a  very  similar 
colour  confusion  exists  for  thf»se  jmrts  of  the  normal  fiehl, 
as  in  the  colour  blind  at  the  point  of  fixation.  Thus  a  red 
or  green  object  will  appear  when  viewed  peripherally  yellow, 
grey,  t»r  blue,  according  to  the  hue  Uiken  ;  yet  a  white  or  grey 
object  cloes  not  become  coloured  by  being  removed  from  the 
centre  to  the  periphery  of  the  tield  of  vision,  which,  as  a  white 
surface  retlects  all  rays  equally,  or  at  any  rate  notlung  but  rays 
which  neulnilise  each  other,  would  necessarily  be  the  case  if 
certain  parts  of  our  retina  were  insensitive  only  to  particular 
and  nou-comjilementnry  homogeneous  rays.  Again,  if  a  certnin 
colour  appear  colourless  to  a  colour  l>liud  individual,  its  ufter- 
iibage  appears  also  colourless,  and  one  which  fails  to  produfM  the 
normal  impression  also  gives  rise  to  an  after-image  which  is 
exactly  com  piemen  tjiry  to  the  impression  received,  ami  not  U\  that 
which  would  be  seen  by  any  one  whose  colour  sense  was  not  defec- 
tive. There  is  no  reason,  luiwever,  wh}'  rays  which,  aItlH»ugh 
Colourless,  are  yet  visible  shouhl  fail  to  prf>duce  in  us  the  usual 
successive  or  simultaneous  contrast,  unless  we  are  at  tlie  same 
tme  insensitive  to  thr»se  which  give  rise  to  the  complementary 
impression;  indeed,  if  we  have  not  the  jniwer  of  evoking  the 
normal  impressitm  subjectively,  we  cannot  exi>ect  to  be  sensitive 
to  the  ordinary  objective  causes  which  normally  pnjduce  it 

Another  point  of  importance  in  connection  with  the  vision  of 
Uie  colour  blind  is,  tliat  although  they  fail  t^  distinguish  between 
many  different  colours,  yet  they  are  only  actually  lilind  for  two 
particular  hues  which  are  crnuplemeutary,  and  the  slightest 
change  in  which  is  culpable  of  giving  rise  to  a  colour  imprea- 
aion.  Thus  most  see  a  continuous  spectrum,  yet  the  colours 
seen  are  but  shades  of  two  hues,  which  are  separated  by  a 
narrow  band  of  grey.  This  band,  too,  diminishes  in  breadth 
ling  na  the  intensity  of  the  illumination  increases.  These 
nattfid  points  appear,  however,  to  differ  in  different  cases  of 
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colour  Itliudness,  whicli  iicverLhelcssare  generally  incl«dp»l under  1 
the  same  class.     If,  therefore,  we  could  imagine  all  rmr  pofiible    | 
colour-hue  perceptions   bo  disposed  round  the  periplicry  ol  tJ 
circle  that  those  which  are  complementary  were  exactly  oppnat^| 
each  other,  we  should  find  that  the  directions  of  the  dianttttdfl 
representing  the  exact  hues  for  which  diflbrent  individtuilswffe 
hliml,  diller.     Such  a  circle  woidd  necessarily  include  i- 
all  the  dilTerent  homogeneous  light  rays  wliich  we  are  ^^{ — 
distinjciiishing  as  different  luies — in  other  words,  all  thei'olo«o 
of  the  spectnuji — but  also  certain  hues  complementary  to  (kfinitt 
spectral  hues,  but  wliicli  are  not  tliemselves  fouruJ  in  the  sp«- 
trum,  which,  for  some  reason  or  otlier,  we  are  not  able  t<>  &wm 
honiiigr'neoiia  light,  altliough  we  can  do  so  subjectively,  or  If 
mixing  other  spectral  colours. 

The  reason  why  only  one  neutral  line  is  usually  to  be  fonnd 
in  the  spectrum  of  the  crdour  blind  is,  that  in  the  immenK 
majority  of  cases  the  diameter  representing  the  hues  for  vhidi 
they  nre  insensitive  passes  from  some  part  of  the  green  tosone 
part  of  the  space  which  wouKl  be  occupied  by  the  purplish  hiwi 
invisible  as  homogeneous  colours. 

The  position  of  this  colour  blind  diameter  has  an  i^tftm 
on  ihr.  pfTcepiion  of  all  lh€  4^.ovrs  of  tlu  spedntrn^  and  conslitoU* 
a  difference — at  one  time  small,  at  another  time  cousidembk*— 
between  two  cases  of  colour  blindness,  so  that  if  in  one  one 
the  (lirtinotcr  lies  between  bright  green  and  p\»rple,  the  ailour 
confusion  will  diti'er  from  tliat  presented  by  a  c^ise  where  it  lim 
between  a  more  bluish-green  and  a  more  retldish-purplu  or  ro» 
colour.  Tliis,  I  believe,  is  the  real  explanation  of  thedifferma 
between  gi-een  and  red  blindness  of  some  authoi^ 

Many  inveatigators  describe  the  spectrum  of  the  colour  Uiail 
as  continuous,  although  only  containing  two  colours,  no  pctrtiun 
appearing  grey.  Tliis  is  due  to  tlie  way  in  which  iheV  have 
conducted  their  examinations.  If  a  very  luminous  spectrum  I* 
usedj  the  images  of  tlie  slit  f(.>rmed  by  the  niys  lying  on  t'ach 
side  of  those  giving  rise  to  the  exact  neutral  line  so  overUp 
each  other  as  to  cover  the  image  formed  by  those  colourki* 
ravs.  A  less  luminous  spectrum,  by  dinjiiiishing  the  cok»w 
sensations  produced  on  each  side  of  the  neutral  line,  which  m 
all  cases  are  described  as  feeble,  permits  of  the  impression  nf  * 
grey  line  separating  the  two  coloui"s  composing  the  s|»ecln»ro. 
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tUioujjh  the  line  may  not  be  very  sharp.  Cases  do  occur  in 
'^hich  no  neutral  line  is  obsencd :  these  are  cases  of  incom- 
Jjtlete  rolotir  Mindnfss,  which  nrc  not  infrequent,  and  of  very 
different  degrees.  Again,  if  we  take  any  red,  orange,  yellow,  or 
-^reeu  set:tor,  and  combine  tlie  impression  received  from  it  witli 
■tl^at  from  a  bine  pigment  by  rotation  on  a  disc,  we  find  that  the 
proportions  (if  any  of  these  with  the  bine,  which  is  necessary  to 
produce  a  neutral  colour  sensation,  varies  in  different  cases  of 
colour  blindness — that  is  to  sav,  different  crises  are  blind  for 
different  non-saturated  hues,  wliich,  owinj^  to  their  mixture 
wit^i  white  light,  ore  impure,  and,  owing  to  the  al»sorption  of 
light  by  the  pigments,  are  wanting  in  brightness. 

Til  all  probability,  therefon*.  there  are  a  great  number  of 
forms  of  complete  colour  blindness,  corresponding  in  general  to 
blindness  for  certain  rose  and  green  hues.  Althraigh  the  classi- 
fication into  red-green  blimlness  and  blue-yollow  blindness  is 
preferable  to  tliat  Imsed  on  the  theory  of  three  fujidamental 
senatitions.  still  there  can  be  little  doubt  that  a  more  accurat<^ 
one  might  Ik,*  taken  from  the  hues  representing  neutral  sensations. 
The  term  colour-blindness  Is  in  audi  general  use  that  it  woiUd 
Beem  inadvisable  to  reject  it  altogether.  Nevertheless,  it  is 
obvious  that  sucli  a  term  as  ro/oitr-rjuififxinn  wouh!  lie  m<»re 
[applicable  to  all  cases  excejit  those*  of  total  colour  bliiidnes.s. 

'  The  explanntiou  of  wliy  in  tho  case  of  tho  partially  colour  blind 
I  the  ul*ience  of  tin*  perception  of  two  oompletiientary  hues  should  leave 
Ithe  individual  only  a  dichromatic  spectrum,  has  ))ot*n  atipmptod  in 
Idifferent  waya,  and  has  led  to  the  various  hyptttheses  of  ciil<»ur  per- 
'«.»ption,  none  of  which  can  be  said  lo  he  more  than  nxtn'mely 
ispcculative.  The  two  curriMit  hypotheses  to  explain  tJie  nature  of 
colour  |>en:eption  art'  known  luj  the  youiig-FIelniholu  theory  and 
(Heriug's  theory.  The  lyader  inuftt  he  reft-rred  to  works  on  phyainlogy 
Hjjb^lher  BouieeB  for  a  deserii>tion  of  those  hypothes4's.  Hut,  iia  the 
Int  important  teat  of  their  value  is  afl'onled  Iiy  a  c(msirlcrntion  of 
"how  far  they  putlice  to  explain  the  fact^  of  colour  blindness,  aome 
critioiBm  may  not  be  out  of  pl.iee  here. 

Both  hypotheses  assume  the  existence  of  so-calleil  fundiuiientid 
wdour  aenaations.  It  must  l>e  admitted,  I  think,  that  the  idea  of 
fundumenUtI  colours  has  rather  iniiKMle<l  than  advaneeil  our  knowledge 
of  the  phenomena  and  natun?  of  colour  bliminegii.  The  numemuH  and 
liilxiriouH  examinations  that  have  been  made  with  the  object  of  detect- 
ing and  ciawsifying  cases  of  colour  blindness  haw  been  conducted 
mainly  by  those  who  have  tried  to  reconcile  the  results  obtained  with 
lone  or  other  of  the  current  hypotheses.     The  support  which  Yoimg'a 
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hypothesis  has  received  from   such  weighty  anthdrili' 
Hetmholt/,  ami  Domlers,  etc.  hiw  ueLi-Asearily  given  it  n 
of  tho  minds  of  physiclsU  ami  physiologisU.      ImUH^d  the  exafteoai 
tile  three  different  cnd-orgaiis  or  conducting  film^s  which  arc  su| 
to  respond  in  different  ways  to  ditferenl  stimuli  is  often  rvfemd  V>ii 
little  short  of  a  certainty.     Now,  however  iMitisfacU»ry  such  a  bv^ 
thesis  may  be  as  an  explanation  for  colour  vision  in  the  oormilM; 
the  altered  nature  of  the  function  of  one  or  all  of  the  end-otgtittt  vlKi 
it  bocomes  uecessar}'  to  assume  in  the  CAse  of  colour  bliiuliM^  d«» 
not  ade(|uately  account  for  the  particular  conditiuns  of  color 
lion  whioh  cliuracterisc  that  state.      ThiA,  at  leust,  is  thi» 
reference  to  the  colour  blindness  existin«;j  for  the  periphcnl  ■• 
the  retina  iu  in-eryone  who  has  otherwise  uurmal  «^ilotir  |" : 
Thin  kind  of  colour  lilindncf^  is  easily  studieil,  and  iJu'  i .  i  ■ 
nection  with  it,  which  it  is  of  importance  to  consider,  an-  ;i-  ii  i 
For  the  outermost  portions  of  the  retbia  there  is  total  coleut  Wii»l 
ness.     For  a  less  peripheral  zone  tho  defoct  is  oidy  |Hirtijil  (ird-^w 
hlindnoBs).     In  neither  cjise  doe^  the  colour  blLndneiss  A\}\rcii  U>  U 
complete,  as  it  has  Ix'cn  found  tliat  the  boundaries  of  th«  u*ft  4( 
correct  culoiir  appreciation  ani  wider  for  very  bright  colours,    lo  ifct 
partially  colour  blind  area  only  two  complementary  hue* — a  pMtimdif 
yellow  and  a  particular  blue — arc  seen  in  the  same  manner  na  tbejtw 
seen  at  the  centre,  all  others  appear  yellowisli  (brownish)  or  IJonl^ 
and  at  the  same  time  fainter  or  dirtier  in  colour,  ucconltiij^  to  the  bw 
ond  shade  examined  in  this  way.     Two  other  hues  may  be  foMnil  viik 
some  trouble  which,  witliin  the  same  jwrtially  colour  blind  an-.-i  »J*J*M' 
uncolourcd  (neutral,  grey),  viz.,  a  particular  groen,  or  bluidk-f;reeii.ni^ 
it«  complement,  a  particular  rose-red  or  red.     These  four  hu«  ni^ 
in  a  certain  sense, — inasmuch,  namely,  ;is  they  always  give  ri**;  lolh« 
same  impression  as  so<in  as  they  become  visible  as  coloure<l  at  all,— tr 
called    fundamental  colours,   and   they  corrcspoutl  to    thoev   irhidb, 
according  to  Uering's  hypothesis,  are  the  fundamentJil  one&     AniiOt 
it  is  possible  to  find  a  great  uuml>er  of  different  pairs  of  hues  wbidi. 
although  giving  rise  to  altogether  diffi'rcnt  colour  impres^onx  wbea 
viewed  directly  by  the  normal  eye,  ap[>ear  similar  when  »een  widi  ihr 
|ieripheral  portions  of  the  rotina,  as  they  Uith   give  an  imprw*« 
corresponding  to  some  tint  or  shade  of  one  of  the  only  twohu««whick 
are  there  seen  cori^ctly. 

Another  important  fact  in  connection  with  the  physiology  nf  »i«*« 
in  the  normal  oyo  is,  that  u  white  object  when  carried  from  thu  j^n- 
phory  to  the  centre,  or  vice  vema,  docs  not  become  colouiwi,  !«* 
remains  white.  Thus  is  the  natural  reault  of  the  peripheral  ffJoar 
defect  being  always  e<]ual  for  hues  which  are  couiplementani'.  «J»1  '^ 
the  remaining  dichromatic  vision  being  one  in  which  two  ooInpl^ 
mentarj*  colours  are  equally  visible. 

AVhihit,  however,  it  is  possible  to  compare  Uie  appearances  vludi 
different  hues  present,  when  seen  by  the  colour-bliml  portioo  »if  tJji 
retina,  with  that  which  they  present  on  direct  fixation,  it  i*  twl 
ihle  for  tho  normal  eye  to  appreciate  with  certainty  the  inpr* 
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Ut  winch  ilifferent  huos  give  rise  in  colour-blind  imlividuals. 
Cotour  bUudnes8,  afi  it  occur»  cungctiitaliy,  is  uot  oxnctly  similnr  to 
the  nonnni  colour  blindness  of  tho  peripheral  portions  of  tbo  retina. 
U  is  certainly,  however,  u  very  analogous  condition,  the  differences 
being  probably  mainly,  if  not  entirely,  such  aa  result  from  its  greater 
ooroplctenese  and  the  ^'utur  ilitferences  in  the  complemcntury  hue^ 
which  in  vach  particular  cnso  appear  devoid  of  any  colour — i.e*., 
Qculnd  or  K^vy.  Indeetl,  the  results  obtained  by  a  corapari»ou  of  the 
imprv^sioiifi  producwl  in  the  two  eyes  in  the  few  cases  of  unilateral, 
congenital,  [larlial  colour  blindness  which  have  been  examined  fully 
oontirm  this. 

Bat  it  is  uot  nece^wLry  that  we  sliould  know  exactly  liow  the 
colour-blind  see  colours  to  test  the  validity  of  the  Young-Helraholtz 
theory,  wo  need  only  demand  that  it  should  afford  a  satisfactory  ex- 
planation of  the  facts  of  normal  colour  blindness  enumerated  iil)ove. 
Thi*,  I  venture  to  say,  it  cnmiot  do.  At  all  event-s,  neither  the  com- 
plete li>ss  of  functionttl  activity  in  one  of  the  thrue  fundanieiiUil  etid- 
of;gnn«  or  conducting  fibres,  nor  the  8upp<58ed  abnormal  dimiuutiou 
in  tb«  extent  to  which  all  respond  to  definite  physical  stimuli,  can 
explain  both  the  dichroiiuitic  spectrum  an<l  the  uii:dtea'd  impression 
prodiu:<-d  by  u  white  object. 

The  same  objections  cannot  be  urged  against  Hering's  hypothty^is. 
On  the  a^mimptions  made  by  Hering  an  apparently  8atij*fiictoiy  ex- 
planation of  normal  |>eripheral  colour  blindness  can  be  given,  and, 
tJitn.'fore,  pr<'sun»iibly  also  of  congenital  colour  bliudncjis.  The  ipu*s- 
lion  rather  wliich  suggests  itself  is,  Is  there  any  good  reason  for 
OHuming  that  thvre  are  any  fundamentil  colour  sensations  at  all!  So 
far  as  1  ant  awan>,  the  first  to  seriously  question  the  existence  of 
primary  or  fundamental  colour  sensations  was  Krenchel.  He  i>ointed 
uut  that  it  ia  dtrauge  that,  if  there  were  such,  we  should  be  so  ab- 
M)lute]y  unconscious  of  them.  Who,  f(»r  instance,  taking  the  ro<I  of 
the  spectrum,  can  say  of  nny  particular  part  of  it,  although  the  im- 
pression to  which  it  gives  rise  is  ensily  rec(tgnised  from  those  pit>- 
duced  by  the  hues  on  either  side  of  it,  that  it  is  a  puit?  red,  a  purer 
red  than  imything  else,  a  primary,  or  a  fundamental  impression? 
Whst  every  one  with  normal  colour  vision  can  do,  and  wliat  is 
therv-forc  a  test  of  normal  colour  vi.siou  is,  to  recognise  a  definite 
»eriei<  in  the  hues  of  the  spectrum  witich  are  sufficiently  distinct  to 
be  recognised  a^  dilTen'ut  Every  one  can  place  in  a  iletinite  order  a 
very  targe  number  of  different  hues,  Wginning  with  red,  and  passing 
through  orange  red,  reddish  orange,  orange,  yellow,  etc.,  to  violet. 
This  is  completely  unintelligible  to  the  colour-blind,  but  is  readily 
apparent  to  every  one  pos^seseed  of  nonual  colour  \*ieion,  and  yet  no 
one  can  say  that  to  every  one  with  noniial  colour  vision,  the  same 
hue*  give  rise  to  identically  the  san»e  impressions.  The  test  for 
normal  colour  vision  is  simply  that  tliis  unbroken  series  of  imprea- 
iioQB  is  rvcugnised.  This  is  all  we  know  of  the /wycA (>a/  tranjt/orma- 
H(rti  or  elaboration  of  the  physical  conditions  whicli  form  tho  basis 
of  colour. 
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\a  to  tliu  phijitical  comlitiomty  much  Ib  of  course  kiiowu,  aiui  it  liii    I 
i*j>nnoctinn  it  luny  he  wfirth  wliile  noting  the  following  i^^inu:— la    1 
the  tiret  place,  there  is  an  unbroken  seritfi  of  ether  vibntioiu  nf  *hl- 
feront  voh^ity,   which  arc  capable  of  being  jippreciate*!  a»  oilflon 
The  series,  tl:iou;;li  rontinuous,  doe*  not  embrace  vibralioM  ^iiai 
have  ever  bo  great  a  ratio  as  2  : 1.     That  ia  to  say,  there  is  iuHkia|  I 
similar  to  the  octave  in  sound  vibrations.     The  series  of  Mtuatka^  I 
too,  correKponding  to   tlie  vibrations  of  dilTereiit  velocity,  ii  one  a 
which  a  similar  <!olour  impression  docs  not  occur  twice,  but  in  vhiA, 
nevertlieless,  we  are  conscious  of  an  approximation   at  cillier  ttL 
Tiie  inttrvtil  left  can  indeed  be  tilled  up  by  colours  of  which  we  bk 
bccomo  conscious  in  other  ways  than  by  the  action  of  homop«|^k 
light  on  the  retina.     Wliy  it  should  be  that  the  uuml^r  of  pofllH 
ditrcn^-nt  colour  impressions  should  be  jrrcater  for  some  parts  of  ^ 
spectrum  than  fur  others,  and  that  impre,«sions  which  we  an  aptUt 
of  receiving  in  other  M'ays  should  not  bo  elicited  by  simple  vibntiaii^ 
is  not  clear. 

Aii^ain,  tho  same  colour  &ensatiou— as  far  at  least  as  hue  is  eofr 
cerned — is  got  not  only  from  t!ie  etfect  of  nbrations  of  one  YelodtT 
alone  (homogeneous  light)  on  the  ]>ercipiont  elements  of  the  Rftiaa. 
but  also  from  the  ginuiltiineous  action  of  vibrations  whicii,  oetutg 
alone,  would  give  riae  to  impressions  of  colour  occupying  jioiiUoM 
on  cither  aide  r«f  it  in  the  series  of  possible  odour  sensarioitf.  Thii 
faet^  taken  jilmig  with  the  incompleteness  of  the  octave  of  cok(a^ 
eliciting  vibrations,  and  the  great  difference  in  the  nature  of  tlw 
vibrations  themselves,  is,  as  it  appears  to  mo,  sufficient  to  eJccJodr  «D 
analogy  between  the  sensations  of  sound  and  colour,  which  i*.  iwnr 
tholess,  often  assumed  to  exist  The  simultaneous  action,  the^^ 
any  two  liomogeneous  light  vibrations  gives  rise  to  an  iatenne^| 
colour  impression.  It  is,  conse<]uently,  possible  to  select  any  &umP 
greater  than  two  (therefore  three  at  least)  which,  by  Bailable  cumloi^ 
tions,  will  give  rise  to  all  po.<;Riblc  colours.  This  foct  has  no  donU 
contributi'd  greatly  to  the  notion  of  the  existence  of  a  few  fund*- 
imnitul  colours.  The  further  the  component  vibrations  are  wpcnted 
frmu  cacli  other  in  the  spectrum,  the  less  satnniU^d  is  Ibe  reeultiiig 
colour  impression  until  it  becomes  altogether  neutral,  and  the  eon- 
poiifnt  vibmtiniis  arc  such  as  give  rise  to  compleuientiiry  colom*.  K 
then,  M'e  assume,  as  Uering  does,  that  there  are  only  four  funifr 
Tuerital  colour  sensations,  and  that  all  others  are  simply  combiuaticoi 
of  two  of  these,  it  seems  not  only  strange  that  we  should  not  l»e  ooo- 
scious  of  a  particular  purity  in  these  fundamental  colours,  but  tlrf 
there  shnnld  be  suclt  an  equal  sensation  of  saturation  about  all  tk 
s(>ectnU  culours. 

We  know,  then,  tjie  primary  cause  of  colour  sensations,  and  ll» 
final  resxilt.  Of  the  intermediary'  stages  in  the  procetv — -m,  ^ 
manner  in  which  the  dehnite  physical  conditiooa  becomv  chaS8«i 
into  definite  psychical  impressions — little  is  known.  It  is  known, 
of  course,  that  the  (irsl  tnuiaformation  takes  place  in  the  retina,  uul 
that  the  bruin  receives  the  retinal  impressions,  which  are  conveyvi 


COLOUR  BLINDNESS, 


463 


K 


it  along  the  optic  nervea.  But  we  do  not  know  what  is  the 
li:rc  of  the.  tninsfommtion  thfjt  takes  place  in  the  retina,  or  of 
t.|,r  Insulting  primary  excitution  in  the  hrain  which  awakons  the 
VnriMioiwneas  of  colour.  It  ii*  natural  that  tliero  shonld  be  speculation 
51-  t  •  the  manner  in  which  the  iutvrnu'diary  process  is  acconijtiished, 
an  ivatlily  untleratajiil,  too,  that  the  fact  that  it  is  imsaihic  to 
11  ail  colours  from  three  or  more  colours  variously  combined, 
taken  along  with  the  doctrine  of  specific  nerve  energies  of  Johannes 
MuUer,  should  create  a  strong  leaning  towards  the  fundameutal  colour 
hyixjtheses.  Apart,  however,  from  tliis,  there  does  not  appear  to  be 
any  reason  for  making  such  an  apwninption ;  there  is,  in  fact,  no 
evidence  of  the  existence  of  primary  colours  either  in  the  physical 
ba&Ls  or  in  the  final  consciousness  of  colours  ;  in  otlxer  words,  in  all  wo 
know  anything  alxiut, 

A  fjuestion  which  njiturally  suggests  itself  iit,  Where  is  the  defect 
in  colour  blindness?  Is  it  in  the  retina,  in  the  optic  nerve,  or  in  the 
braiu?  80  far  us  i>athological  conditions  go  there  is  never  any  great 
dispro|>ortiou  met  with  between  the  colour  and  form-senso  defects  in 
any  case  of  purely  retinal  disease,  that  is  to  say,  ilise-aso  involving  unly 
tlie  percipient  layers  uf  the  retina;  the  changes  in  colour  vision  to 
which  such  alterations  give  rise  are  similar  to  what  is  caused  by  diiiiin- 
iahed  illumination  ;  colours  are  seen  much  as  they  are  in  semi'darkuetts. 
On  the  other  hand,  colour  vision  appears  to  he  disprojwrtionately 
ra«luced,  as  compared  with  vision  for  fonn,  in  all  cases  where  the 
comlucting  mechanism  is  implicatwl.  This  is  most  marked  whcn^  it 
may  be  assumed  that  tlicre  is  a  general  lowering  of  the  conductibihty 
r.if  contipiuus  gujups  of  optic  nerve  Hbres,  as  in  the  various  foriiiJ<  of 
amblyopia  alTecting  the  centres  of  tlu!  retina  ^toxic  amlilyupia,  retro- 
bulbar neuritis).  It  is  in  ccrebnd  changes,  liouever,  that  the  greatest 
pr«Ji»ortionate  defects  in  colour  vision  are  found — alterations  in  the 
rriinul  elements  and  optic  nerves,  profluce  a  lowi-ring  of  cnluur  jKir- 
ceplion,  not  merely  red-groon  blindness,  though  this,  e-s[»ecinlly  in  the 
lat^tcr  rases,  is  often  most  marked,  corresjtouding  to  the  less  perfect 
development  of  red-green  vision  at  8<^me  jwirts  of  the  noi-mal  retina. 
In  the  case  of  changes  localised  in  the  brain  this  tolemhly  equal  dis- 
tribution, or  impaired  vision  for  all  colours,  is  also  what  is  most 
frtt«iuently  met  with  (in  the  so-called  hennachromatopsia,  for  instance), 
but  cososs  have  been  ivcorded  in  which  a  i)urely  red-green  blituiuL',ss  hae 
be<*n  acipiired.  The  exi^^rience  of  pathology  would  render  it  probable 
tlien  that  the  abnormality  in  colour  blindness  is  a  centnd  cerebi-al  one 
d  not  retinal,  t.tf.,  that  the  retina  of  the  colour  blind  responds  in  the 
me  manner  to  the  ordinary  physical  stimuli,  but  that  for  some  reason 
or  other  the  psychical  residt  is  an  abnormal  one.  This  ap]it>ar3  to  me, 
too,  to  be  all  the  more  probable  from  the  fact  that>  imder  iiltogether 
nonntU  conditions  of  colour  vision,  the  sjvme  physical  stimidus  does 
not  necessarily  give  rise  to  the  same  colour  impression.  This  is  sbon 
in  the  well-known  phenomenon  of  simult^uieous  contrast. 

So  far  as  the  primary  transformation  of  light  waves   goes  it  is 
certainly  not  necessary  to  assume  the  existence  of  unknown  elomenta 
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in  the  retina  in  onU-r  to  imagine  a  utojmcr  in  which  it  mav  T»jy*Tfti 
diftcnmtly  to  qualitatively  different  stimuli.     It  has  long  been  Vuomj 
thiit  altvrationa  in  th(^  pigment  of  the  hexagonal  cell*  of  the  rvUiu  a.*^ 
ajisot'iiited  with  defnetii  in  the  light  sense,  and  recent  experimaiL- 
Enj^elnmim,  Van  (ienderen  Stort,  and  others,  liuve  Khown  thtt  ch'. 
acluully  take  place  in  the  disposition  of  the  pig:ment  in  thaw  ofl 
the  action  of  light.     The  retinal  pigment  must  therefore  be  I- 
upon  as  in  some  sense  an  end-orgau.     It  is  at  least  not  iiiipi>«MMi< , 
then,  that  a  diflerent  proportionate  atimulation  may  be  pmiooed  Id 
the  coneB  anil  pigment  for  each  appreeiahle  ditferenee  in  wave  l»ij' 
or  eomhination  of  homogeneous  stimulL      AVhat   would   seem  :. 
likely,  however,  inasmuch  as  the  colours  resulting  from  home 
light  are  always  more  saturated  than  the  similar  ones  othenri 
dueed  is,  that  the  stimulation  of  the  pigment  in  e4icli  caee  merelyj 
rise  to  the  sensation  of  light,  while  the  ditforent  action  of  dif 
wave  lengths  and  the  equivalent  more  complicated  stimuli  on  Uw  coQ>-^' 
in  some  manner  elicits  the  qualitative  differences  in  the  imprvsflinni 
produced.      That   there   is   some   intimate   connection   betwwii  ^\ 
stimulations  of  those  two  end-organs  in  their  relation  to  colour; 
ception  is  apy>arent  too  from  the  fact   that  colour  imprvtssinn*  ut] 
dillVrent  according  to  the  degree  of  illumination  if  below  or  hoyoml  «J 
certniri  intt^nsity.     The  shortening  of  the  spectrum,  too.  met  «ith  itj 
solium  colour-hlind  people,  and  the  incompleteness  of  the  wUTf 
col'>iir  impressions  from  homogeneous  light  may  have  somelhiuf  tt» 
with  this.     The  shortened  spectrum  has,  so  far  as  I  know,  out 
shown  to  1h'  a  peculiarity  of  the  colourbliud  stiite. 

The  greatest  stumbling  block,  however,  is  presented  bv  tlw*  ph] 
siulogical  notion  of  specific  nerve  energies.  Acconiing  to  thLi  d* 
it  wonlJ  iippear  unlikely  that  such  a  multitude  of  ditferent  tuiffffv 
siotis  coulii  1)0  conveyeil  to  the  brain,  as  must  necessarily  \w  tbp 
if  there  were  there  a  direct  consciousness  of  the  ditTercncc*  in 
miumer  in  which  the  transformation  of  energy  took  place  in  the  ret 
for  each  and  every  different  colour  which  it  is  possible  to  di*tin^i 
But  we  cannot  say  thiitsuch  is  not  the  case.  Some  have  iougiorJ  ■ 
transmission  by  periotlic  variations  in  the  nerve  curn!nt«  (whicli,  ^ 
course,  is  the  only  energy  tnuisraitted  along  tlic  nerve),  lending  t^t  & 
reproduction  of  the  same  i>hysical  state  in  the  cerel>nil  cells  ai  the 
visual  centres,  analogous  to  the  manner  in  which  sound  viliralioaau* 
reproduced  in  the  telephone.  In  the  telephone  the  velwity  <«f  ^ 
currf^nt  ivhieh  transmits  and  reprotluces  the  periodic  viliratinbs  » 
enorinonHly  rapid  as  ronq>ared  with  the  vibrations.  Light  vihmtWB* 
liavB,  on  the  conlniry,  sucli  a  much  greater  velocity  than  the  wrw 
current  that  it  is  almost  inconceivable  that  ther**  could  be  a  simiiir 
transmissiou,  that  is  to  say  if  we  imagine  an  altogetlter  aualL»go(i»  AOii. 
so  to  sfieak,  direct  transmission.  It  is  not  incimceivable,  howrvftf, 
that  the  transformation  of  energy  which  takes  place  in  tlie  retiim,Bay 
bu  of  such  a  nature  as  to  render  its  repnMhiclion, — that  is  to  ay  llw 
rtjproiiuction  of  the  same  molecular  state  in  the  brain, — quite  conipAlil'lc 
with  the  slower  transmission  of  energy  along  the  optic  nen'e.    At 
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its,  it  18  impoeaible  to  say  that  this  is  not  or  counot  be  the 

If  we  imagine,  then,  that  the  tliflerent  way  in  whicli  tlie  cliflcrent 
'pbyaical  canses  produce  stimubition  of  the  end-organs,  foch  givn  rise  to 
-correspondingly  different  !*tates  in  the  molecular  activity  of  the  cere- 
bral cells,  then  we  might  suppose  further,  that  when  nolour-viaion  ia 
nonnrd  the  molecules  may  be  put  into  their  particular  state  of  activity 
equally  well  by  uU  the  different  phynical  sliniuli  ca])able  of  giving  rise 
to  different  colour  impresttioiis.  In  the  colour-blind,  on  the  other 
hand,  we  might  suppitse  that  onl^'  one  particular  st^ite  (or  rather  two 
connoctod  in  some  intimate  manner)  can  be  fict  U|i  by  all  these  same 
physical  caoses  of  stimulation.  The  resulting  impressions  in  the  case 
of  tliQ  colour-blind  would  therefore  oidy  correspond  to  the  normal  when 
tbey  were  such  as  would  in  the  normal  bniin  give  rise  to  the  same 
impression  Iiy  calling  forth  tlu'  same  molecular  state. 

In  a  paper  in  the  Edinhurrfh  AMi^al  Journal  of  1879  I  referred 
to  the  manner  in  wliich  Krenchel  illustrated  this  or  an  essentially 
similar  idea.  I  have  nince  been  in  the  habit  of  adopting  the  following 
illoBtrutiun,  and  I  use  it,  of  course,  merely  as  an  iilustratiou,  not  as 
UU  attempt  to  explain  what  actually  takit;  place.  I  use  it  tou  in 
preference  to  Krenchel's,  only  l»ecaU8e  I  think  it  meets  better  the 
kind  of  complete  independence  tlmt  there  seems  to  be  i[i  some  par- 
ticulars between  hghl  alone  and  colour.  The  illustration  is  to  be 
found  in  the  projwrty  that  certain  Ixjdius  have  of  {>olan.sing  liglit. 
While  light  vibrations  in  all  directions  will  pftss  through  muny  tnuis- 
I»areut  media,  only  those  in  one  directioti  will  pass  ^vitliout  iuterruj>- 
tion  through  the  jioluriBing  crystal ;  vibrations  in  planes  at  nght 
angles  to  tbat  particular  direction  are  altogether  excluded,  and  the 
proportion  of  energy  transmitted  as  light  is  greater  the  more  nearly 
the  direction  of  vibrations  coincides  with  that  in  wliich  they  pass 
without  interruption,  and  lesw  the  more  nearly  it  coincides  with  that 
at  right  angles  to  this.  Now  let  us  represent  by  way  of  illustraliuu 
as  a  condition  similar  to  tliat  of  polarised  light  the  i^tate  of  the  brain 
cells  in  colour-blindness.  Lot  us  say  that  whereas  where  norninl 
colour  vision  exists  molectilar  movements  or  changes  take  place  in  all 
directions,  in  colour-blindness  movements  or  changes,  in  one  direction 
only,  result  in  respon.^ie  to  all  stimuli,  and  that  that  one  direction 
reproftenta  the  two  complementary  hues  which  are  properly  seen. 

It  is  evident  that  there  must  cither  be  different  molooular  states 
set  up  in  the  visual  brain  cells  which  awaken  the  consciousness  of 
different  colours,  or  a  power  of  analysing  the  ilifTcrent  intensities  of 
impressions  in  a  few  cells  which  respond  always  in  the  same  manner, 
though  with  varying  intensity,  to  the  different  physical  stimuli,  and 
oi  thus  elaborating  the  numerous  different  colour  sensations.  The 
latter  is  what  must  lie  assumed  if  funilamcntal  colours  are  supjiosed 
to  have  any  existence.  Now,  inasmuch  a.'^  l)oth  physiological  experi- 
ment and  jmthology  (s.^,  symmetrical  scotomata  from  brain  lesiona 
in  the  two  I'yes)  point  to  there  being  a  very  close  arrangement  in  the 
bmin  of  the  centres  for  corresi>onding  points  of  the  two  retiusp,  it 
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wouM  l>e  imtiiral  to  suppose  that  were  the  consciousness  of  Mli«r 
aroused  hy  i\w  elaljoralioii   in  a  still  higher  centre  of  the  relaliw 
stimulation  of  difTerent  fundamental  colour  brain-element*,  tiiifaml 
L'olours    att'ecting    siiuidtaneously    corresponding    points    !*hoiiW  V 
Iflended  into  the  proper  intermediate  colour-impression.     But  thi> » 
not  the  case.     This  fact  is.  lis  it  seems  to  nie,  one  argument  a^tixtit 
Hering't*  hyi)i>thei*is.     Other  objections  whieli  may  Uj  advance'l  ««, 
tliat  it  is  by  no  means  always  the  same  hues  which  l/i  the  roloo* 
blind   are  altogether  colourless  ;   that  there   is    no  consciousncM  uf 
fundumontal  ooloura ;  and  lastly,  that  the  nsBumption  is  unneosaij, 
because  although  it  may  offer  an  explanation  for  the  principal  phrn'v 
mena  of  colour  blindness,  that  condition  may  be  explained  by  irwl." . 
assumptions  which,  in  the  present  slate  of  our  knt^wledge,  ari  '[t  i- 
aa  legitimate. 

Hemianopia. — Symmetrical  defects  in  the  fields  of  viaon  * 
most  coraiiioiilj  caused  by  lesions  in  the  optic  nerves  ' 
tracts,  or  the  chiasma.     If  the  defects  lie  to  the  sain 
both  eyes — that  is,  inwards  in  one  and  outwaj  ds  in  the  oUuur- 
the  condition  is  that  which  is  now  generally  called 
hania}iopm.     The  beraianopia  may  be  to  the  right  or  left, 
partial  or  complete,  just  as  we  have  complet,e  and  partial, 
or  left,  hemiplegia.     It  may  or  may  not  be  associated  w'': ' 
plej^iii.     I  have  more  often  seen  it  alone,  but  it  is  im)!  . 
those  in  whom  the  visual  paralysis  forms  but  a  part  ei^ 
whole   lesion  will   be   more   frequently  met  with    in  geucrnl 
hospitals.     Of  thirty  cases  obsenx'd  by  Schweigger,  hejijiplt-jji 
was  absent  in  sixteen  and  present  in  thirteen,  though  in  mc&; 
of  these  it  was  only  slight  and  transitory.     If  the  c-ase  Ih>  nt^eiii 
and  uncompLcated,  there   is  no  appearance  of  atrophy  0/  the 
nerves.     The  line  of  demarcation  between  the  blind  and  teeiug 
portions  of  the  field  is  usually  shai-p  and  regular ;    when  lhi» 
hemianopia  is  complete,  it  is  a  line  coinciding  (for  periplieral 
portion.s  (*f  the  fi<!ld,  at  any  rate)  nearly,  if  not  exactly,  with  thf 
vertical  through  the  point  of  fixation.     Whether  or  not  it  also 
passes  vertically  through  this  point,  indicating  an  intemipduD 
in  the  functional  activity  of   half   the  macula  lutea,  ia  Btill  » 
disputed  point     My  own  examinations  of  cases  of  homonymous 
hemianopia   lead  me  to  believe  that  in  some  cases  it  docs  w. 
and  in  others  not^     I  have  most  frequently  found  the  inunedial^' 
neighbourliood  of  the  point  of  fixation  (from  2"  to  5°)  appar- 
ently  not  implicated ;  but  this  may  possibly  be  owing  to  U» 
diHiculty  of  securing  accurate  fixation.    The  leaion  producing 
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liuniciDjuiouB  heuiinno])!!!  \\va  Imhui  found  to  occupy  diflerent 
sitUAtion?,  \-iz.,  the  optic  tract.  Iwisul  ganglia,  fibres  of  Gratiolet, 
And  the  cortex  of  the  hniin  in  the  occipiUtl  h)be. 

The  experiments  of  Munk,  and  the  results  of  post-mortem 
rxuninHtidii.  huve  definitely  estublislted  tlte  existence  of  an 
aiulatenil  source  of  inner\ation  for  correspomling  halves  of  both 
retiluc  In  the  caAes  where  the  lesion  has  been  cortical,  it  has 
either  lieen  one  occupying  a  portion  of  the  grey  matter  of  the 
occipiul  lobe,  or  pressing  on  the  white  matter  with  which  it  is 
in  connection,  bo  that  there  is  little  doubt,  now  that  Ferrier's 
experiments,  which  led  him  to  loc^ulise  the  visual  centres  in  the 


Flo.  Z06. — Fields  uf  vision  i^  ...  .  ^.4^1.  uf  huniunymuiu  bcinianoptJi,  iu  which 
waa  lost  in.  the  loft  lower  qaodnnt  of  each  field. 


gyri,  have  given  rise  to  the  hemianopic  symptoms,  owing 
■  wounding  of  the  fibi-es  of  frratiolet. 
Important  data  in  connection  with  the  localising  of  lesions 
which  have  led  to  hemianopia  are  afforded  by  the  consideration 
of  the  concomitant  symptoms,  as  well  us  by  the  extent  and  c«)n- 
f^ptratiou  of  the  blind  area.  An  attempt  has  recently  Iteen 
nude  by  Wilbrand  to  make  use  of  the  data  afforded  by  the 
thorough  subjective  examination  of  cases  of  hemianopia,  in  order 
U»  arrive  at  a  refinement  of  the  diagnosis  of  the  seat  of  the  lesion. 
Wilbnind's  work,  though  very  suggestive,  is  necessarily  to  a 
ctinsiderable  ext<mt  theoretical.  He  keeps  constantly  before 
him,  however,  the  results  of  p<7st-mortem  examinations  wliich  he 
has  collected,  and  the  views  he  expresses  are  not  inconsistent 
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with  the  known  pathology  of  tlie  subject    An  analysis  a!  (he 
subjective   Bjmptoms   of  hemianopiii   eases  shovrs   ihat— (L^ 
When  in  any  honionynious  portions  of  the  fields  of  \'ision  ihm 
is  a  defect  in  the  light  sense,  the  defects  in  the  6eus«e  of  fora 
and  colour  are  at  least  quite  as  extensive :  (2.)  "When  thp  liahl 
sense  remains  intact,  but  a  hoinouyuious  defect  exists  for  iora. 
this  is  always  accompanied  by  at  least  as  extensive  a  defect  fur 
colours.      Wilbmnd  tlierefore  concludes  tluit  the  nene  fil>rw 
connected  \\\\\\  the  centres  for  the  senses  of  colour  kUiI  lonn 
pass  through  the  light  sense  centre.    As,  too,  there  are  caflcecD 
record  where  the  colour  sense  alone  in  the  lialv<«,  nr  in  Miae 
particular  liomonynious  sectors  of  the  fields  of  \iaion,  Imd  dis- 
appeared from  similar  portions,  leaving,  however,  the  ligbt  sense 
iiitact  in  these  iH)rtions,  Wilbraud  dniws  the  furlV 
that  the  centre  fur  form  must  lie  between  the  cen: 
and  light,  while  that  for  colour  must  at  tlie  sittne  tin 
the  niiist  central  position  in  the  brain.     Wilbi       ^   ' 
many  examples  of  actual  cases  of  all  the  couilu . 
lioRHible  on  the  alMJve  assumptions.     Further  iuv. 
called  for  before  his  views  can  1)6  considered   a^   nuTf^ 
speculative.     In  all  the  cases  which  I   iiave  .si'vn  tif  w>-r«nt-l' 
hemiachromatopsia, — that  is,  cases  in  which  the  lualf-' 
appears  to  be  only  for  colours, — I  have  been  able  by  te.si.iii':  »n 
very  Hinall  white  objects  at  a  distance,  accx>rding  to  ^jemi:-- 
method    (see    p.    14),    to    demonstrate    that   the   form-seit«p 
has  also   been   defective  over    tlie    same    area.      Indeed,  tiie 
clinical  evidences  so  far   point   altogether  more    to   the  pro- 
bability of   colour  \'ision   Ijeuig  due   to  a    subtle  diffenulik- 
tion  of  light  impressions,  than  to  any  impre-ssiou  made  npna 
other  centres  than  those  in  which  the  c<irisciousness  of  form 
arc  evoked. 

When  the  hemianopia  is  partial,  the  defect  is  geuemlir 
though  not  always,  of  equal  extent  in  lx)th  eyes. 

Hemianopia  rcmaiuH  as  a  rule  stationary,  even  although  li« 
subjective  symptoms  become,  in  many  crises  after  some  linit 
associated  with  more  or  less  visible  changes  in  tlie  disca  Accord- 
ing to  Mauthncr,  tlie  most  marked  atrophic  discolonition  '\s  fomul 
in  the  eye  of  the  side  to  which  the  tield  is  restricted.  This  {K'ial 
requiies,  however,  further  confirmation.  A  very  unusual  funn 
of  hemianopia  is  described  by  Forster.  iu  which  the  defect  i* 
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liinit-ecl  to  coiresponduig  iiisxilar  portions  in  the  honion}inous 
balves  of  the  two  visual  fields. 

Two  other  forms  of  heiuianopia  occur,  viz.,  temporal  and 
nam]  hemianupia  In  the  fonner  the  outer,  and  in  the  latter 
the  inner  half  of  wich  field  of  vision  is  deficient  The}'  are  both 
'lauch  rarer  than  the  honionpuous  form. 

The  arrangement  of  the  optic  nerve  fibres  renders  the 
localisation  of  the  lesion  producing  temporal  hemianopia  a 
very  simple  process.  There  is,  of  course,  the  remote  possi- 
bility of  a  symmetrical  lesion  in  the  two  halves  of  the  brabi, 
but  apart  from  this,  and  as  by  far  the  most  probable  cause 
of  the  symptoms,  we  nutst  admit  an  interruption  of  function 


Kio.  lOlt. — Fields  of  viaion  from  ft  case  uf  temporal  hemianopuL 

produced  by  some  destruction  or  compression  of  the  nerve 
elements  of  a  portion  of  the  chiasma.  The  defects  producwl  in 
the  function  of  the  nasal  halves  of  each  retina  will  be  more 
iplete  and  symmetrical  the  more  the  lesion  is  confined  in  its 
feci  to  an  antero-posterior  line  through  the  chiasma.  Thus, 
whereas  the  lesion  producing  the  more  common  form  of  homony- 
mous hemianopia  may  be  anywhere  along  the  course  of  the  optic 
aen'e  fibres  between  the  chiasma  and  the  cortex  of  the  occipital 
lobe,  and  can  rarely  be  localised  with  any  great  certainty — 
although  concomitant  s}^llptoms  often  afford  a  clue — temporal 
hemianopia  is  almost  certainly  due  t-o  a  lesion  mainly  implicating 
the  chiasmiL 

It  is  difficult  to  form  any  idea  of  the  frequency  of  this  variety 
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of  heiniiinopia.  Owing  to  the  nature  of  the  defect,  leading  .^s  w 
does  a  much  larger  Held  for  both  eyes  tlian  the  hriuionyui.m* 
form,  tlie  j»atieut  does  not  as  u  rule  complain  of  l>lindnes^  t"'HK 
side.  The  other  symptoms,  too — amblyopia,  ophUmlm«>««ipn: 
changes,  &c. — are  sufficiently  marked  to  en^^e  the  whole  iitUai- 
tion  of  any  one  wlio  does  not  make  a  practice  of  examiniiig  tlir 
peripheral  vision.  Besides,  comparatively  few,  no  doubt,  of  Uie 
cases  which  Iiave  been  observed  have  l:>een  pnblishetl  Mtuilhwr 
believes  that  they  constitute  about  one  per  cent,  of  all  case* '*f 
bemiauopia,  while  Forster's  estimat-e  is  twenty- three  per  cent, 
the  actual  percentage  probably  lies  between  these  extremes,  and 
considerably  nearer  the  fonner  than  the  latter.  It  is  obvioaJf 
a  disease  of  too  rare  occurrence  to  furnish  even  approximately 
correct  statistics  from  the  pnictice  of  any  single  olisener.  how- 
ever extensive  his  experience. 

A  g<MKl  many  cases  have  come  under  my  own  observalinn,  aiMi 
in  three  of  them  the  diagnosis — in  two  ciise.s  an  aneurism,  »nii 
in  the  remaining  one  a  tumour  pressing  on  the  chiaama— i»v 
confiirnt'd  on  post.- mortem  examination.  The  line  of  deiuAKt* 
tion  between  the  blind  or  defective  portion  of  the  field  and  tbt 
normal  OTje  is  rarely  iis  sharp  or  as  vertical  as  in  the  humo- 
nyinous  form.  The  prognosis  is  not  so  gocMl  either,  most  c«s» 
going  on  to  complete  blindness.  Some  cases  may  remtin 
stationary,  or  recover  to  some  extent  A  sudden  onsolv  *itfc 
subsequent  jiartial  recovery,  or,  as  sometimes  happens,  bUndiK* 
of  one  or  both  eyes  followed  Ity  temporal  hemianopia,  issues**- 
tive  of  an  apoplexy  in  the  neighbourhood  of  the  cliiasma.  k 
sliglit  ilegiT'e  of  interniittencc  in  the  symptoiua — slight  iinpiiw- 
meut  on  certiiiu  days — is  prolxibly  indicative  of  ancuriia. 
Kepejited  attacks  of  temporal  blindness,  lasting  several  Uatb »t 
a  time,  and  then  recovered  from,  point  again  to  acute  intn- 
crauial  pressure  from  some  cause  or  other. 

Nasal  hemianopia  is  of  very  rare  ocourreuce.  The  pnignoaij 
in  such  ciisea*  which  must  depend  on  symmetrical  lesions  of  ihil 
optic  tracts,  is  extremely  bad.  Most,  if  nrtt  all,  lead  eveiitutl^j 
to  complete  optic  atrophy. 


SECTION    II. 


CHAPTER    XV. 

ERRORS  OF  REFRACTION   AND   ACCOMMODATIOS. 


The  tninsparent  uieilia  of  the  eye.  viz..  the  comert.  aqde-w 
huiaotir,  cr}'8talline  lens,  and  ^'it^eou8  UhIv,  iire  all  «k'ii8«'r  thw 
air.  They  offer  a  greater  impediment  to  the  transmission  <i 
those  minute  and  cxtmordinary  rapid  vibrations  of  the  ethrr, 
which,  when  they  impinge  on  the  living  retina,  give  rise,  through 
the  medium  of  its  nervous  connection  witli  certain  oentrw  in 
the  lirain,  to  the  sensation  of  light. 

Although  light  is  hut  the  consciousness  of  a  peculiar  (1»- 
turlmnce  or  physical  state  of  matter,  it  is  convenient  to  use  lb* 
word  lif/ht  for  that  state  which  gives  rise  to  it. 

Tight,  then,  travels  more  slowly  when  it  enters  the  ep  tlaw 
it  <lf»e8  in  the  surrounding  air.  the  retardation  being  diffen-nl  id 
aiinnmt  in  the  dilJl-ront  uuuliu,  and  greatest  within  the  centnil 
layers  of  the  crystalline  lens. 

Now,  utdess  the  surface  of  ti  denser  transparent  uie^lium  is 
at  light  angles  to  the  tlircction  of  pixjpagation  of  the  wan* 
Burface  of  light,  there  is  not  only  a  retardation,  but  a  bending 
or  refraction  of  its  direction  as  well. 

That  this  is  a  uec*?i«ftry  coudequence  of  its  rctanlfttiou  \nl!  he 
evident  from  Fig.  110,  whicli  representft  the  section  of  the  flmfaceof* 
wave  of  light  emonnting  from  a  far  distant  point.  A  snuU  portica  ^f 
the  surface  of  propagation,  or  the  wave  surface,  at  a  great  disUatf 
from  the  poiut  of  emanation,  is  approximately  a  plane.  In  the  fi^niff 
the  plane  wave  surface  of  light  meets  the  denser  medium  lH) 
obliquely,  so  tluit  whilst  the  light  at  A  mecU  the  surface  at  A.,  ih*^ 
at  15  does  not  ivacli  it  till  B^.  By  the  time  B  reaches  the  drtJ^ 
mi^ilium,  A  has  passed  on  to  A.^,  but  as  the  transmisaion  of  the  dis- 
turbance from  A  is  slower  in  mc-iliuiu  II.  tlmii  medium  I.^thedi 
from  A  to  A3  is  less  tliun  from  B  to  B^.  By  the  time,  therffoTt^ 
B  has  readied  tlie  denser  medium  it  has  pulled  up  somewhat  upon 
whilst  the  intermediate  points  havu  all  in  turn  received  an  equal  cbwt 
to  tlieir  rate  of  propjigation,  and  the  direction  of  the  plane  wjivc  fiur6e». 
instead  of  being  at  right  angles  to  AB  or  AjBj,  is  now  at  right  angk« 
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to  A,6^  and  A^B^,  \,i.^  the  direction  of  the  propagiition  of  light  hiiB 
been  changed  through  a  definite*  angle. 

For  a  full  explonjition  of  how  the  interference  of  ]>ortious  of  tln^ 
Bmall  waves  of  di«turl)ance,  passing  from  every  point  of  the  resulting 
wave  aurfaee,  cau»es  a  change  of  direction  of  the  surface  as  soon  as  tlie 
dflOMT  meciium  is  entered,  the  reader  must  refer  to  workfl  on  ph^'Rieu) 

OfVtlCti. 

Instead  of  considering  the  change  in  direction  of  the  wave  surfacf 
of  light,  we  may  merely  consider  that  of  the  lines  at  right  angles  to 
thai  surface  or  the  rcajs  of  Htjhi.  When  the  surface  ia  plane,  i.e.y 
when  the  point  from  which  the  light  divei^s  ia  infinitely  distant^ 
these  rays  are  parallel  to  each  other. 

Absolute  parallelism,  in  a  uiathematical  sense,  could  only  occur 
when  the  point  from  wldch  the  rays  emanate*!  was  at  an  inBnite 
distance.     Rays,  however,  which,  emanating  from  a  very  distant  point, 


Fm.  no. 


meet  any  surface,  of  inconsidornblo  size  when  compared  with  that 
distance^  deviate  from  each  other  ho  slightly,  that  they  may  for  all 
poflsible  practical  purposed  be  considered  parallel. 

In  Fig.  110,  A  Aj,  B  Bj  represent  two  piindK'l  mys,  and  it  is  seen 
that  on  entering  the  denser  medium  they  are  refracted  towartis  the 
perpeDdicidar  (P)  to  the  surface  of  that  medium.  Therefore  rays 
pinninj;  from  a  rarer  to  a  denser  traasparent  medium  are  refracte*! 
towards  the  (perpendicular  to  the  surface  of  the  denser  medium,  at  the 
points  where  they  meet  that  me<lium.  The  length,  too,  which  is 
travelled  in  a  definite  time  by  the  rays  in  the  second  medium,  when  that 
is  homogeneous,  bears  always  a  constant  proportion  to  that  travelled 
in  the  same  time  in  the  first  medium,  so  that  Aj  A.j :  Bj  B,  = 
AjA^  :  BjB^,  anrl  tJiis  prop<irtion  evidently  determines  the  degree- 
of  tne  separation,  and  must  remain  the  same  whatever  bo  the 
obliquity  with  which  the   ray  meets   the  refracting  surface.     This 
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constant  proportion  for  any  honiocMioons  medium  with  rewied  Wsr 

W 


is  aiUcd  llif  index  of  Tefradnm^  itnd  ia  denoted  by  ;*,  i>., 


A,  A, 


In  pHssing  from  air  into  a  denser  medium  /i  ia  evidently  grmler 
I,  &om  a  denser  medium  into  air  less  than  1. 

This  same,  proportion  /i  has  lieen  found  by  experiment  in 
way.     Thus  in  Fig.  Ill  are  represented  two  rays  AO  and  O)  tnn 
medium  I.,  and  meeting  the  surfaco  of  medium  II.  at  differa&t 
of  obliquity ;  i  and  f  representinj^  the  two  arujlfs  n/  tmeidaatj 
r  and  r  the  two  correKponding  att/jles  of  re/mction^  or  the  auj^' 
tlie  inciilent  and  refracted  ray«  make  with  the  f>orpcjidicular  to 
IT.  at  the  point  O. 


yio.  111. 

It  it:  found  by  experiment  that, 

AB    A'B'  ^  CD 

AO 


AO 


CO 


CD' 
CO 


i.r.,  sin  t"  :  sin  )•'  =  sin  i :  sin  r  =  ^  (when  medium  L  ia  air),  u., 
the  sine  of  the  angle  of  incidence  bears  a  comdant  prttpurtion  ^  M  A* 
mne  of  the  angh  of  refraction. 

The  media  f»f  the  eye  are,  however,  not  <»nly  refractiw 
media,  but  are  Ixjnnded  by  curved  surfaces,  wliich  are  appron- 
tnattily  Hphericnl.  Owing  to  this  circiunstanre  they  poesess  ihr 
property  of  /oc/rtsiw^  rayR  wlncli  pass  into  theru,  or,  in  otbtr 
words,  of  coUtM^ting  iJieiii  towards  a  point.  This  is  a  cousequioiw 
of  the  law  of  refraction  just  mentioned,  as  in  the  case  of  curred 
surfaces  the  poipeudicular  to  the  surface  at  any  pi.iint  coinci<l*» 
with  thut  nf  tlic  radius  at  that  jwint.  In  Kig.  112  is  shown  th** 
denser  iiiediuru  bounded  by  a  spherical  surface,  and  the  paniUcI 
rays  which  niivt  it  lient  t^nvards  a  pnint  which  is  cttlled  tbeir 
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Strictly  Bpeaking,  only  monochromatic  rays  wliioh  sutt'cr 
'nmctirm  at  points  eciuidistant  from  the  arw,  or  line  joining 
the  wutre  of  the  spherittal  stirfac^  witli  the  point  from  wliich 
the  raya  prweetl,  are  focussed  at  the  sjime  point. 

The  (lisUmce  separating  tlie  foci  of  dift'erent  hoUow  cyliiidei-a 
or  cones  of  light,  formed  hy  rays  nieeting  tlie  Bpherical  surface 
at  points  equidistant  on  all  sides  from  this  axis,  differe  not  only 
with  the  degree  of  their  separation,  but  is  also  greater  for  eqnal 
amounts  of  separation,  the  farther  the  component  rays  are  re- 
niovfr'd  from  the  axis.  This  gives  rise  to  what  is  called  splwrxml 
aberration.  In  speaking  of  the  focus  of  any  point  of  light, 
then^fore,  what  is  meant,  as  a  rule,  is  that  point  to  which  the 
ni>-8  Und  to  become  gathered,  the  more  nearly  they  coincide 
with  the  axia 

If  the  point  from  which  the  rays  emanate  be  at  an  infinite 


Fic.  112. — Shows  the  deflection  of  rmys  townnla  a  fociu, /.  when 
the  denser  modium  is  bonnded  hy  a  curved  surface  wbone  centre  i» 
mte. 


distance,  so  that  they  meet  the  refracting  surface  pai-allel  to 
each  other,  the  focus  of  the  axial  rays  is  called  the  principal 
ifoetuiiJ\^.  112/). 

Pmc:tically,  in  order  to  obtain  an  approximate  fwus,  or.  in 
Other  words,  to  get  rid  of  spherical  aberration,  it  is  necessar}'  to 
txclude  all  but  the  more  axial  rays,  ?>.,  the  aperture  of  the 
spherical  refracting  surface  must  l>e  small  compared  to  its 
circumference  as  well  as  compared  t*i  the  distance  from  it  from 
which  the  niys  i)roceed. 

In  the  eye  spherical  abernition  is  p»artially  cttrrected  by  the 
of  the  refracting  media  being  not  exactly  spherical,  and 
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liy  the  manner  in  whicli  tho  different  more  or  lesa  eeuLwd 
refnicting  surfaces  are  relatively  disposed.  The  renuinii^f 
abemition,  whicli  must  l>e  pretty  considenible,  seerns  to  be  of 
little  consequence,  mainly  prolntbly  on  fiecount  of  the  a^TUlg^ 
ment  of  the  percipient  elements  of  the  retina  as  discrete  uid 
aeparaUdy  stiumlahle  end  oi-gans. 

If  we  know  the  rftdiuA  of  curvature  and  the  index  of  refnctMiil 
any  refracting  medium,  as  well  as  the  distance  of  a  point  of  ligtAflt 
object  from  it,  it  is  easy  to  find  its  focus  or  image.  Tliis  mayb*  ilow 
by  at  ouce  assuming  that  the  incident  and  rLifract<Hl  niys  nukr  ndi 
small  angles  with  the  pei7>endicular,  that  the  values  of  the  an^e<  buj 
bo  substituted  for  those  of  their  sinep.  But  it  is  better  to  get  n  a- 
presfiion  for  the  general  reciprocal  values  of  the  distanees  of  oljid 
and  image  along  the  axis  fur  every  angle  of  incidence  and  jto  con^ 
8ponding  angle  of  refraction,  and  then  to  deduce  the  pftrtirulAT  ratott. 


Fia.  US. 

on  the  assumption  that  the  aperture  is  so  small,  that  it  nMy  be 

neglecteil,  compfired  with  the  radius  of  curvature  and  iht*  disUnce 
of  tliL'  olijout.  These  vjduos  are  then  called  the  coT^'tu/atf  /rrai  dU- 
tartfe^.  In  Fir.  113  we  have,  putting  u  for  the  distance  of  the  objtci 
and  c  for  the  diHt4inct'  uf  the  imago  along  the  axis — 

«  =  U8,  »  =  SV  =  8C  +  CV 
-R  +  CV 

and  C  V  :  K  =  sin  C  P  V  :  sin  C  V  P^sin  r  :  sin  (/-  r- j-) 
t  =  ^  of  incidence,  r  =  *'-  of  i-efraction,  and  -r  =  /_  between  the  two 
wliich  diverge  from  v. 


CV  =  K 


am  r 


sin  (i 


^) 


'.    I! 


=  r(i  +  .  ;'"^    \ 

\         sm  (t  -r-x)/ 
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'Q  exp&nding  sin  (t  -  r  -  x)y  and  rememberiug  that  sin  »' = /i  ein  r,  the 
alue  of  V  becomes 

r-R|    1+ 7 r-^^ -, : ^-r,l 

^,         cos  X  {fJk  COB  r  -  cos  i)  -  sm  x  (cos  t  cos  r  +  sin  ») J 


and,  finally,  putting  for  sin  x  its  value  R 


sm  % 


r==R 


U  +  U 
1 


1  +         .    ,Rsin»,  ..     ^ucosrcost  +  sin*/)- 1) 

*^^"^  utr  (f^^^- ^^^ ') - K ^ttr — 


When  u  is  infinite,  /.e.,  when  the  rays  meet  the  surface  parallel  to 
each  other,  x  —  o  and  the  expression  for  v  reduces  to — 

t,  =  Rfl  +  1 ) 2) 

\         fi  cos  r-t03  //  ' 

The  conjugate  focus  for  u  is  got  by  putting  i  and  r  =  o,  that  is,  the 
limit  to  which  the  angles  approximate,  as  the  rays  more  and  more 
coincide  with  the  axial  one,  1)  then  becomes — 


la.) 


fiuU 

'-u(^-l)- 

R 

and  2) 

becomes 

V  — 7 

/i-1 

la)  is 

usually  ' 

vrritten — 

2  a.) 


The  longitudinal  spherical  aberration,  or  the  distance  along  the  axis 
separating  the  foci  of  the  axial  and  any  other  ray,  is  got,  for  diverging 
and  parallel  rays,  by  subtracting  respectively  1)  from  1  a,  and  2)  from 
2a. 

When  V  is  put  =  00  ,  in  1  6),  the  value  of  u  becomes  ,  while 

fj.-  1 

that  of  V.  when  u  is  put  —  x  ,  is  -^ — —  If  wc  denote  these  values 
of  u  and  v  respectively  by  /  and  /*,  the  piincipal  foci,  we  readilj 


47S'       REFRACTION  AND  ACCOMMODATION^. 


arrive  tit  a  formuln  which  connecte  the  principal  foci  with  uiji^hir 
pair  of  conjugatt)  fuel ;  for,  nolicing  that 


r 


1  //)  may  be  written 
and  mill  tip!  jing  by/ — 


ue.,     /I 


1^/     1^1 
u     /  '  V     / 


U       V 


(3) 


This  is  one  of  tho  most  important  fonuulse  in  geometrical  op(icft,io 
tar  OS  the  eyu  is  concerned,  and  wc  shall  see  that  it  hol<Js  good  furiny 
numK'r  of  centered  refracting  surfaces  as  well,  provided  the*  qma- 
tities,/,  /*,  tt,  and  f,  be  measured  from  certain  points  to  Ikj  afterwii>i4 
considered. 

Besides  sphericAl  abeiration,  the  eye  is  not  free  from  chro- 
niutic  abermtion — that  is  to  say,  that  the  different  rays  ol  the 
speutnun  whicli  are  contiiiued  in  ordinary  daylight  an*  not  all 
refracted  to  the  same  extent,  so  that  the  focus  for  the  blae  n]\ 
for  instance,  is  shorter  than  that  for  the  red. 

In  considering  the  eye  at  rest,  and  not  exerting  the  povw 
which  it  has  of  altering  its  st4itc  of  refraction,  or,  in  other  wordik 
of  accommodatinf/  for  t}»e  distance  from  which  rays  proceed, 
many  ]n  tints  may  be  perfectly  well  explained  by  Km  iking  upoD  il 
as  consisting  of  only  one  dense  transparent  medium,  botmded  b? 
only  one  surface,  instead  of,  as  is  actually  the  case,  being  a  vctt 
complex  iiistruuient,  with  a  number  of  diflerently  n*fi»ctiiig 
media. 

When  the  eye  is  in  a  state  of  rest,  and  not  exertint;  any  nf 
its  power  of  accoumiodatiou,  ?>.,  when  its  refracting  power  is  al 
its  lowest,  one  of  three  conditions  must  be  represented  in  cverf 
cfise  : — (1.)  the  principal  focus  (or  the  focus  of  rays  whirh  mev% 
the  eye  parallel  to  eucli  other,  and  therefore  pnx-eed  from  ta 
infinitely  disUmt  point)  coincides  exactly  with  the  most  si^nsilivft 
portion  of  the  centre  of  the  retina ;  (2.)  the  principal  fiKiis  litt 
in  fnint  of  the  most  sensitive  portion  of  the  centre  of  the  retina 
and  (^-?.)  the  principal  focus  lies  Iwhind  the  most  sensitive  point 
of  the  centre  of  the  retina.     In  the  firat  case,  the  eye  issaitl  W 
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fmm^rf)p7c,  in  tlie  set'oud  mi/opu',  ami  in  tho  tliini  hypcr- 
mrirripic  ;  and  these  couditions  of  refractiou  are  called  respec- 
tirely  anmetropia^  myopia,  and  hyptrmttTopin, 

Eminetropia  in  the  true  sense  ia  exceedingly  rare.     Slight 
deviatitjnH  in  the  directiuu  (.»f  fither  myi»pia  or  hyjx'ruietmpia 
■  ^re  cumwon,  however;  so  that  the  eyes  which  are  practically 
emmetropic  are  common. 

ll  is  evident  that  as  there  are  three  elements  nn  which  the 
state  of  refraction  depends — viz.,  the  length  of  the  antero- 
posterior axis  of  the  eye,  the  curvature  of  the  refracting  or 
dioptric  media  of  the  eye,  and  the  refracting  power  of  these 


Fiu.  114  thowB  the  complett;  focnusing  of  parallel  ni^fs  in  the  case 
of  enunctmpia.  K.  and  incoraplete  fuc^ufning  in  hypcrmetropia,  H, 
ftod  myopia,  M. 


Firt.  115.— Showing  the  stronger  refraoting  power  of  the  more 
highly  carved  oomea  (continiiona  line). 

■the  conditions  on  which  myopia  or  iiypermetropia 
depend  might  be  abnormal  conditions  of  all  or  any  of  these 
elements.  As  a  matter  of  fact  many  cases  of  myopia  and 
hyf»ermetropia  do  occur  which  are  wholly  or  mainly  caused  by 
some  abnonnality  in  each  of  these  direetiona  Thus  we  have 
€Lrial  myopia  or  hypermetropia,  due  t«  a  too  long  or  too  short 
•ntero-posterior  axis  of  the  eye  (Fig.  1 14) ;  curvature  myopia  or 
hypermetropia.  caused  by  too  great  or  too  little  curvature  (Fig, 
llo);  and  iiidej:  myopia  or  hypermetropia,  as  the  result  of  too 
great  or  too  feeble  refracting  power. 
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The  emmetropic  eye  alone  when  at  rest  is  fmMisawi  f<it 
parallel  niys.  Rays  diverging  from  a  point  in  front  of  ibf  fjrr 
iunl  auflerinK  the  same  amount  of  refraction  would  meet  1"*^ 
the  retina,  whilst  rays  converging  to  a  )>oint  behind  thf  fve, 
and  also  ref meted  to  tlie  same  extent,  would  meet  in  iniot 
of  the  retina.  This  is  n^presented  in  Fig.  116,  in  wlik-.h  tlicftta* 
jugate  focus  i»f  rays  diverging  fi-om  A  is  i-epresented  &1  A' 
1  behind  the  retina,  wliile  the  coi^ugate  focus  of  rays  c<mvtivuig 
t(»ward3  B  is  i^pi*esented  at  B'  in  front  of  the  retina. 

It  will  be  ex'ident  now  tliat  a  myopic  eye  (».r.,  uue  ia  vrbck 
the  retina  lies  behind  tl»e  principal  focus  of  the  rpfracting  mwlu) 
is,  in  a  state  of  rest,  f<K;ussed  only  for  mys  diverging  frciu  ^^s» 
]»uiiit  at  a  jmrticular  finite  distance  in  front  of  it,  and  alautbt 
u  hypermetropic  eye  Kix.,  one  in  which  the  retina  lies  in  front  "f 


Tic.  116. 


tlie  princi(ial  focus  of  tJie  ivfraeting  media)  is  in  a  state  of  n* 
fttcussed  only  for  rays  which  converge  towards  a  pirtii'uJiirpoini 
lying  uL  a  linite  distance  behind  it. 

Therefore  the  sialic  refraction  in  efiiinetropia  Itads  to  lA# 
/ocussin/f  of  paraild  rays  on  the  retiim^  the  stcttic  rr/radion  •• 
myopia  to  the  focvssing  of  diverging  rays  on  the  reiitia,  and  fA«j 
static  refraction  in  hypemittropia  to  ike  focussing  of 
raya  on  the  retiwu 

The  gi-eater  the  divergence  or  convergence  of  the  rays  whici 
is  required  in  any  C4iae  in  onler  that  they  may  be  focuast'^t  <iij 
the  retina  the  greater  is  evitlently  the  error  of  refraction. 
measurement  of  that  ern)r,  or  wlmt  is  called  the  degrw 
ametropia,  is  given  by  the  distance  from  the  (Ulterior  part  of  l\ 
eye  from  which  the  rays  focussed  on  the   retina   ilivei^, 
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?ar<]6  whicli  they  convei^a  The  smaller  this  distance  is  the 
iter  is  the  auietropia.  This  distance  is  also  calletl  the 
Italics  to  the  frtr  poi/U  of  the  eye.  The  far  point  is  therefore 
it  iH»int  from  which  rays  which  meet  on  the  retina  of  the 
'e  in  A  state  of  rest  diverge,  or  to  which  tfiey  converge. 
The  far  point  iu  myopia  liei*  couswiUL'utly  at  a  finiU^  distance 
fmut  of  the  eye.  wliilst  in  hypermetropia  it  lies  at  a  finite 
listance  l>elund  the  eye.  The  far  point  in  myopia  is  also  said 
to  \ie  positive,  in  hN'perraetropia  negative.  In  the  case  of  emme- 
^ivpia  the  far  point  lies  at  an  infinite  distance  from  the  eye* 
^K-fjiuse  only  then  are  the  rays  wliich  proceed  from  a  point  truly 
Iwimllel. 

Practically,  emmetropia  is  cousidered  to  exist  in  any  case 
\rhere  the  far  point  lies  not  nearer  tiian  G  metres  in  Ircwl  of  or 
Ixhind  the  eye.     In  the  con*Ution  of  static  refi*action,  then,  an 


Fio.  117. — Different  forms  of  convex  and  concave  spherical  Icmses. 

Emmetropic  eye  ohtains  a  clear  ima<^e  of  ohjecta  at  a  distance. 
A  myopic  eye  iu  tlie  same  ctindition  ubtiiins  a  clear  image  of 
objects  which  lie  at  the  diBtance  of  its  far  point.  To  a  hyper- 
metropic eye  at  rest,  however,  no  objects,  near  or  distant^  are 
seen  distinctly,  as  rays  fn»m  every  real  object  must  diverge,  and 
the  hypermetropic  eye  is  only  fooussed  for  (lonverging  niys. 

Spherical  Lcnuvs. —  Befi^re  proceeding  any  further,  we  must 
consider  the  action  of  spljerioal  leii.st'H,  that  is  to  siiy,  portions 
of  highly  refmcting  transparent  substances  bounded  liy  twif 
spherical  surfaces  whose  centres  lie  on  tlie  same  line  which  is 
called  the  fuyi»  of  the  Ions,  or  by  one  spherical  and  one  plane 
surface.  The  substances  of  wluch  lenses  used  for  most  optical 
purposes  arc  made  are  glass  and  crystal. 

Certain  names  are  given  to  lenses,  according  to  the  shape 
of  their   two   surfaces.      Wiea  both  are  convex  the  lens   is 
31 
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called  bieonvfj:.     AVlien  lx>th  are  are  concave,  it  ia  said  v>  ta 
hicoficave.     Wlien  one  surfuc^  is  plane,  the  lens  is  either 
convex  or  plano-conr.act\  ucconiing  iis  the  remaining 
Convex  or  concave      Two  other  forms  of  spherical  leoseij 
made,  in  which  the  one  surface  is  convex  and  the  other  > 
but  with  diflerent  ratlii  of  curvature.     When  thec<Mivex 
has  the  f^reatest  curvature,  (.c,  the  smallest  radius,  the  toiJi 
convex  mcnisais  (Fig.  117,  c),  when  the  concave  surface  Iwf  ike 
gi-eatest  curvature  or  letist  radius  the  lens  is  calk**!  ii<v*«iT 
meniscus  (I'ig.  117,/). 


Fiu.  lis. — Showing  the  action  of  »  biconvex  lena  in  bcioging  1*71  to  si 


Fl(3.  119. — Showing  the  action  of  a  biconcave  lens  in  diapeniiig  UMOflat 


If  we  di-aw  radii  to  the  two  surfaces  at  the  point  when*  wji 
proceeding  from  any  jjoint  on  the  axis  meet  these  surfaces,  w* 
may  etisily  see  how  the  lenses  must  act  in  refractini:  *'  '  "■ 
In  Figs.  118  and  119,  C  and  C  are  the  centres  rf«]' 
the  two  surfaces  of  a  biconvex  and  biconcave  lens.  Ttu'  rai 
in  i>assing  into  the  lens  are  lK?nt  towards  the  peq>endicukr 
tlie  fir.st  Rurffice,  wliilst  in  jwiasing  out  of  it,  as  thi^y  lUvu]* 
from  a  denser  to  a  Hirer  medium,  they  are  bent  away  from  the 
perpemlicular  to  the  second  surface.    Tliis  causes,  in  the  c*w 
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a  biconvex  lens,  a  d<nible  Leiuluig  towards  the  axis,  on  some 
p<»iat  of  which,  ami  ou  the  iitlier  side  of  the  lenH,  rnys  proceeding 
fn^m  imy  i>oint  of  the  axis  teud  to  become  focussed.  In  the 
triise  of  a  biconcave  lens  there  is  proiluced  in  a  similar  nmuuer  a 
double  iK'iuh'nv  nf  rays  away  from  the  axis,  ami  they  are  thus 
given  d  tlivergencc  as  if  they  proceeded  from  soxue  point  on  the 
axis^  ou  the  same  side  as,  but  nearer  to  the  lens  than  the 
himiiious  jMiint  from  which  these  rays  actually  proceed.  The 
convex  lens  therefore  collects  rays,  whereas  the  concave  lens 
49i^ru*  them. 

Just  <is  in  the  case,  too,  of  a  single  refracting  surface,  so  in 
the  c^ise  of  a  lens,  the  focoB  of  parallel  rays  is  called  the 
yrincifftl  fucvs,  whilst  any  other  two  points  which  stand  in  the 
relation  of  object  and  image  to  each  other  any  culled  voTijugtUe 

^'^      .  . 

Hie  princi|)al  focus  in  the  case  of  a  convex  lens  lies  on  the 
other  side  of  it  from  that  from  which  tlie  rays  proceed,  and  is 
TWii — tliat  is  tii  say,  the  niys  actually  are  collecttMl  j  and 
Although,  owing  to  splierical  aberration,  they  do  not  meet  in 
%  mathematical  point,  still  the  more  axial  ones  are  practically 
fixrussed.  Convex  lenses  are  therefore  called  jwaiticc  or  pUti 
Icust«, 

The  princijml  focus,  again,  nf  /i  ctmcave  lens  lie^  on  the 
same  side  of  the  lens  as  that  from  which  tlie  niys  proceed, 
and  is  virtitnl — that  is  to  say,  the  rays  do  not  actually,  hut  only 
apparently,  proceed  from  the  focal  point.  Ccmcavc  lenses  are 
therefore  called  jiegaiivc  or  viinns  lenses. 

The  relation  between  object  and  image  in  the  case  of  a  lens  is 
lily  got  if  we  ftdhpre  to  the  restriction,  which  very  much  simplifies 

calculation,  of  supixjtiiuy  the  rays  to  be  sufficiently  nearly  axial  to 
ubviate  spherical  al»«rpation. 

Proceeding  in  the  same  direct  manner  to  find  the  focus  for  any 
my  paeaing  thmugh  a  lens,  na  was  done  for  one  refracting  surface,  wo 
arrive  Ht  a  formula  which  is  verj-  long  and  unmeldy,  but  which  easily 
reduces  imder  the  limiting  conditions  which  are  pualulated.  It  is 
Iwtter  to  consider  the  distance  of  the  image  fonned  by  the  first 
refrftction  of  a  point  on  the  axis,  the  mj'H  from  which  are  nearly  axial, 
•i  the  object  distance  with  respect  to  tlie  second  refracting  surface, 
Ud  apply  the  formula  lA,  In  duing  so  wo  make  the  asaiunption  that 
the  ruys  from  a  jxjint,  after  refraction  intt^  the  first  medium,  proceed 
towanb,  or  apjjear  to  proceed  from,  another  jxaut,  to  which,  after 
refraction  into  the  second  medium,  a  corresponding  third  point  must 
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exist,  which  will  be  the  image  of  the  fjst  point.     Writing  16 withi 
dash  to  each  letter  thus — 

we  denote  the  relation  existing  between  object  and  image  disU&re 
with  respect  to  the  second  surface,  t.«.,  for  rays  passing  from  the  \s& 

into  air.     In  this  case  ft'  is  evidently  equal  to  -  and  a'  =  <  -  r,  or  if 

we  neglect  the  thickness  of  the  lens  (£),  u  —  v.     Putting  in  thoe 
values  the  formula  becomes — 


1    M 


i  1-1 


+  '  = 


and  multiplying  by  fi~ 


t~v'  v'        K 


/*     .  11 


+  -  = 


t-o    v        R' 


neglecting  f,  and  putting  for  ~  its  value  from  1&  we  get 
1     1      /*-!     1-u      .       ^.    rl      In 

Then,  writing  insteatl  of  r',  v  which  now  represents  the  distanco  ■>: 
the  image  from  the  lens  : — 

^n(— )[i4]  •■•*•) 

This  equation  represents  the  relation  which  exists  between  object  and 
image  distance,  for  refraction  through  any  lens.  K  is  rwkonM 
positive  when  the  direction  from  surface  to  centre  is  the  same  as  lb: 
of  the  incident  light. 

If  M  bo  taken  infinite  we  get  for  the  reciprocal  value  of  /  thr 
principal  focus — 

^=(.-i)[i4]  .  .  .  -) 


/ 


111  Ah\ 

>>  =  -  + 46.) 


By  making  v  infinite  we  get  the  same  value  for  -.  Therefire. 
when  the  thickness  of  the  lens  is  neglected  we  have/*  =/. 

The  sign  of  ^,  which  determines,  as  we  have  seen,  the  character  oi 
the  lens,  is  given  by  the  signs  and  relative  values  of  R  and  R  ■   ^^ 
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tK«  ordinaiy  biconvex  Ions,  mth  equal  curvaturo  of  btjUi  ^urftioGS, 
R  «  R',  and  they  are  of  different  signs  :  .*.   ,  >)ecomea — 

Further,  as  for  onlimiry  crown  glass,  fi  is  approximately  1-5  (1*534 
according  U^  Brew6't»'r)»/=R  approximately,— Uiat  is,  the  ff*cus  of  a 
Cifntmon  *jla^  Icn^  in  e^piaf  to  the  rwiitiJ*  0/  airraturc  of  tin  mrfoi'es. 

From  46)  it  is  easily  seen  that  as  /—/■,  formula  3)  also  lioMs 
(^)od  in  the  case  of  a  \e\\»  when  tho  thickness  \»  neglected,  because 
multiplying  by /we  get — 


/+/.! 


:!.) 


It  is  sometimes  uf  use  in  problems  couneetod  with   the  eye   t<j 
laider  the  reljition  existing  between  tho  distance  of  the  nlyect  from 
the  anterior  focius  (m  -  f)  and  that  of  tlio  image  from  the  second  focuK 


From  3  wo  have 


_  > 


Similarly 


Also  from  a  and  p : 


_  ff 

v-f 


v-f 


(«•; 


03-) 


5.) 


("-/)  (<•-/)=/'"  (r-) 


fV  0/  /-epht^rical  le)is*'S  in  tumiropia, — We  have  st*en  that 
in  myopia  the  eye  is  too  powerfully  i-efnietiug  ndatively  Ut 
the  position  of  the  retina,  i.e.,  from  some  causes  or  other  its 
toUecting  power  is  too  gi*eat.  Tliis  may  be  rectified  by 
pDttiiig  in  front  of  it  a  <'oncuve  or  negative  leas,  the  stivngth 
of  which  is  just  sufficient  to  counteract  that  ])ortion  of  the 
collective  jKJwer  of  the  refractive  media  of  the  eye  at  rest, 
which  is  in  excess  of  what  is  required  to  focus  ni3'S  cfiming  from 
distant  pointa  on  the  retina.  On  the  other  hand,  in  liy})er- 
metropia  the  collecting  jKiwer  of  the  i*efracting  me<1ia  of  tlie 
eye  is  insutlicient.  and  tliis  again  may  Ite  corrected  by  putting? 
in  front  of  tl»e  eye  at  rest  a  convex  or  positive  lens,  the  strength 
of  which  is  just  sufficient  to  supplement  the  defective  amount. 
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The  concave  lens  which  corrects  the  myopia  in  any  particiikr 
case,  or  the  convex  glass  which  corrects  any  particular  case  of 
hypennetropia,  is  that  one  which,  placed  at  a  convenieut  (listanee 
in  front  of  the  eye,  produces  in  the  state  of  static  refraction  cf 
the  eye  the  most  accurate  focussing  of  rays  from  a  distant  puint 
(ptirallel  rays)  on  the  retina. 

The  glass  in  each  case  iniist  be  one  whose  focal  duitnuft  (qwl* 
its  distance  (measured  frovi  its  position  in  front  of  the  €y()fron 
tlie  far  point  of  the  eye.     It  must  therefore  have  a  shorter  focm 


Fio.  120. — Action  of  a  concave  lens  in  front  of  the  eye.  causing 
parallel  rays  to  enter  the  eye  as  if  pmceedin}^  from  a  finite  point  in 
front  of  it. 


Fig.  121. — Showing  action  of  a  convex  lens  ])]aced  in  front  of  the 
eyu,  cauaiiig  parallel  raj-s*  to  enter  the  eye,  as  if  directed  to  a  jwint 
at  a  finite  distance  behind  the  eye. 

the  nearer  the  ftir  point  lies  to  the  eye.     In  other  wonK  lii*' 
higlier  the  ametropiu,  the  stronger  must  l>e  the  con'ectiug  leu-. 

It  also  follows  from  the  above  definition  of  the  convclii''* 
glass  that  the  nearer  it  lies  to  the  far  point  of  the  eve  tlif 
RtrHUger  it  must  be. 

In  myopia  tlie  far  point  Hes  at  a  finite  disUmce  in  fn'iit  "i 
the  eye,  tlierefore  the  strengtli  of  a  concave  glass  in  unler  i" 
correct  any  definite*  degree  of  myopia  must  be  grciiter  tho  furili'i 
it  is  i>laeed  from  tlie  ey<\  From  this  it  follows  that  the  (f'' 
of  a  concare  fflass  of  definite  strength  on  myopia  is  iceahiwl  'V 
removing  it  from,  ami  strengthened  by  approscimating  it  to,  tk  ? v-. 
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In  hypermetnipia  the  far  point  lies  at  a  finite  distance 
behind  the  eye,  consequently  the  convex  glass  wliich  correcte 
any  definite  amount  of  h^'pernietropia  nnist  l»e  weaker  the 
furtlier  it  is  placed  from  tlie  eye.  From  this,  toc»,  it  follows 
thai  thr.  effect  of  a  convrx glass  of  definite  strength  on  ht/pfrmHropia 
is  ftrengfheMd  by  rematnTig  it  from,  and  weakened  by  appi'Oiimai' 
ing  it  tfi^  the  eye. 

The  nature  of  the  correction  effected  by  a  lens  placed  in 
front  of  an  ametn>pic  eye  is  therefore  to  give  such  a  direction  to 
pjimllel  rays  that  tliey  converge  towards,  or  iijipeiir  to  diverge 
from,  the  far  ]x^int  of  the  eye.  This  is  seen  in  Figa  120  and 
121,  winch  represent  respectively  the  correction  of  myopia  hy 
means  of  a  concave  lens,  and  of  h^fiermetropia  by  means  of  a 
convex  lens. 

Kumbenng  of  lensex, — Lenses  are  numl^ered  according  to 
the  length  of  their  f(.>cus ;  that  which  has  a  focal  length  equal 
to  1  metre  being  now  looked  up(ju  as  having  the  unity  of  re- 
fractive power,  positive  or  negative,  and  therefore  being  called 
rO,  or— 10.  A  lens  of  this  power  is  called,  too,  a  lens  of  1 
dioptre,  or  shortly,  1  1).  One  ordy  half  the  refracting  power 
of  a  1  D.  lens,  and  which  has  therefore  a  focal  distance  of  2 
metres,  is  nnml"terefl  0*50,  and  one  of  twice  the  power,  !<;.,  with 
u  focal  distiince  of  ^  metre,  20,  or  2  D.,  and  so  on. 

Lenses  uae<l  as  spectacles  seldom  require  to  l)e  stronger  than 
20  dioptres,  positive  or  negative — that  is,  20  times  as  strong  as 
a  -f  10  or  —10  lens,  ami  liaving  1  D.  more  refracting  iM>wer 
llian  a  Na  19*0,  2  dioptres  more  refracting  power  tlian  a 
Ko.  18*0,  and  so  <»n. 

Every  unit  of  diflerenc4*  corresponds,  then,  U*  an  equal  in- 
crease or  decrease  iji  refracting  jxtwer. 

Tlie  usual  trial  cases  contain  the  following  spherical  lenses, 
Iwth  plus  and  minus : — 
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lu  all,  sixty-four  different  spherical  lenses.     In  umetcas^sd 
arc  two  of  each  7iuuil>er. 

For  those  who  are  not  c^)n8tantly  working  al  the 
of  errors  of  refraction,  such  a  large  nunibor  of  triul  W««l 
unneLiessar)'.     By  the  eombuiatiou  of  two  lenses  \vi»en  rw^i 
any  nuraljer  from  —  lo'O  to  -|-17*0  caa  be  obtained  al  inl*mb 
of  1  D.  apart  with  the  following  nine  lenses ; — 


5-0 

+  1-0 

+    4-0 

100 

+  2-0 

+   8-0 

150 

+  3-0 

+  130 

Supposing,  now,  an  eye  to  Im?  focussed  for  pirallel  ni>-5.tilbCT 
owing  to  its  own  formation  or  as  the  result  of  an  optical  eiinw 
tion  such  as  we  have  considered,  it  will,  when  at  n«t,  rei-cive  no 
distinct  image  of  objects  near  at  haniL  All  that  is  noccsstif. 
lioweve.r,  in  order  that  the  retinal  image  of  any  object  »tl  aaj 
distance  should  l»e  distinct,  is  that  the  rays  pi-oceeiling  fmw  it 
sliovikl  be  given  such  a  direction  as  if  they  came  from  ii  distAUW, 
■ic,  that  the  great-er  or  less  divei'gence  of  such  niys  slioulil  bf 
Converted  into  pamllelisni.  Tliis  could  obviously  l«e  donr  W 
placing  a  convex  lens  in  front  of  the  eye,  tlie  focus  of  wlucb 
lens  coincided  witli  the  position  of  the  object,  and  whose  stwnfrlli 
would  therefore  have  to  !«  less  the  nearer  it  lay  to  the  eyr.  To 
take  an  instance : — An  object  lies  at  the  distance  of  J  Diflff 
from  the  eye — tlie  eye  is,  liowever,  oidy  focussed  for  diirtittl 
objects;  what  lens  must  be  placed  in  front  of  it,  so  tluit  tbf 
near  object  may  l>e  seen  distinctly  ?  The  lens  whose  f»>c«l 
distance  equalled  J  metre,  or  a  lens  of  4*0  dioptrt!«,  would 
evidently  approximately  <lo  so,  and  the  more  accimilrlv  the 
nearer  it  lay  to  the  eye.  But  as  it  could  not  Jictually  l»u  pbiced 
within  the  eye,  its  action  would  alwaj-s  l>e  a  very  little  Uxiwwk. 
]*rac'tically  it  would  ctane  lo  be  placed  fix>m  15-20  millimetlwiD 
front  of  the  position  in  which  it  would  jtroiluce  its  greatest  jwfr 
sible  effect ;  so  that  instead  of  rendering  the  rays  diverging  fi»'W 
.}  metre  or  250  millimetres  in  front  of  the  eye  parallel,  it  wwaM 
produce  parallelism  of  rays  emanating  from  a  j»oint  tiCo-lTO 
millimetres  in  front  of  the  eye.  The  true  correcting  gl*M  u> 
the  case  of  the  \  metre  distant  object  would  evidently  llu'ii  W 
one  whose  focal  distance  was  235  millimetres,  or  less.  ini»!<*ui 
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of  250  milliineires.  Xow,  what  lens  luia  a  focal  distance  of 
235  millunetres  ?  We  have  seen  that  focal  distances  and  tlie 
number  given  to  lenses  are  reciprocal  quantities  ;  if  we  cal- 
culate in  fractions  of  a  metre,  therefore,  by  tlividing  235  into 
1000,  we  should  get  the  nnniber  of  the  re(iuired  lens:  this 
gives  appr(.>ximately  4-25.  Obviously,  the  nearer  the  object 
which  has  U>  l>e  seen  distinctly  lies  U\  the  eye,  the  greater 
would  be  the  diffei-ence  between  the  strength  of  the  lens  winch 
would  l>e  requirwl  \a\  l»e  adtled  to  the  refractive  power  of  tlie 
eye  itself,  and  that  which  might  produce  the  same  effect  on 
being  placed  outside  it.  So  that,  taking  the  same  distance  of 
15  millimetres  as  that  at  which  the  lens  would  lie  in  front  of 
the  point  within  the  eye  fiom  which  tlie  measurement  is  made 
(u  ptiint  whose  position  and  imj>ortanc-e  will  1h;  afterwards  con- 
sideretl),  there  would  be  a  ditterence  of  one  whole  dioptre  so 
Bi>ou  as  In  millimetres  tnnde  the  linear  diHercnce  lH?tween  the 
fxjtd  distiinces  of  the  two  lenses.  Tliis  is  uh-eady  the  Ciise 
with  lenses  rather  less  than  8  and  9  dioptres  strength,  while 
an  addition  of  14  dioptres  to  the  crystulLine  lens  itself  would 
l>e  equivalent  to  that  of  nearly  18  dioptres  placed  in  the  posi- 
tion in  question  in  front  of  the  eye. 

It  will  now  be  apparent  that  slmuM  the  eye  not  of  itself  l)e 
sfi  formed  as  to  focus  parallel  rays  t^n  the  retina,  the  glass  whicli 
renders  tliia  possible,  and  wliich  therefore  eitlier  diiuinislies  or 
increases  its  refractive  power,  must  Ixi  subtracted  from  or  added 
Us  the  lens  otherwise  required  U)  give  a  distinct  image  ^f  an 
object  at  any  particular  distance.  Thus,  if  a  myopic  individual 
requires  a  —  2i3  lens  to  see  a  tbstant  object  distinctly,  he  will 
require,  as  long  jis  the  refracting  jH'wer  i>f  the  eye  remains  un- 
altered, a  lens  of  4*0  —  2*0.  or  -h  2*0,  to  fi>cu8  distinctly  an 
object  at  a  little  more  than  \  metre  distant.  On  the  other 
hand,  a  hy]>ermetropic  individual  who  can  only  see  distant 
cdijecta  lUstinctly  with  a  +  20  lens,  would  require  one  of  4*0 
+  2*0,  or  +  6*0,  to  focus  an  object  of  a  little  more  than  \ 
metre  dist^ince.  A  weaker  lens  in  thtrtfort  requira/  for  i]ie. 
focumng  of  near  ohjrcts  in  m^ppin ;  and  a  stnmger  fens  in  hyper* 
nutropia  than  is  rrquired-  in  cmmclropitL 
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Accommodation. 

So  far  we  have  supposed  the  eye  to  be  constantly  exhibiting 
the  sfuiie  degree  of  refraction,  tliat  whicli  results  from  the 
relative  iJOsiLions  and  curvatni*es  of  iUs  various  refractive  media 
when  uninfluenced  by  any  circumstance  by  which  these  may  be 
modified.  Tlie  eye  is,  however,  able  by  a  muscular  effort  lo 
increase  the  strength  of  its  refracting  power,  or,  in  otiier  wonk, 
to  accommodate  itself  for  the  vision  of  near  objecta.  Thi*  i*i 
effected  by  an  inereiuse  in  curvature  of  the  surfaces,  and  conse- 
quent lengthening  of  the  antero-post^rior  diameter,  of  the  cryn- 
talline  lens.  It  is  mainly  the  anterior  surface  whose  curvalunsi 
alters.  The  effect  of  this  is  to  add  a  convex  meniscus  to  the 
lens,  tlie  refractive  strength  of  which  meniscus  gives  tlie  meiisund 
of  accommodation,  so  that  we  talk  of  2,  3,  4,  10,  or  14  dioptres 
ftf  a<'COUim(>diition, according  to  the  j>ower  of  this  additioiuil  lens 
within  tlio  eve;  that  is  lo  sav.  that  when,  for  instance,  an  eve 
alters  its  accommodation  from  that  required  for  seeing  an  object 
at  a  distance  to  that  required  for  focussing  accurately  one  at  y^ 
metre,  it  has  altered  its  power  of  refntction  to  exactly  the  extent; 
which  would  correspond  to  the  placing  of  a  10  dioptrea  gljisa 
lens  (whose  thickness  was  neglected)  immediately  in  contact 
with  the  cryatalline  len.s.  TJie  eye  is  then  wiid  t-o  have  exert*"!! 
10  dioptres  of  accommodation. 

We  have  seen  that  the  point  for  which  the  eye  at  rest  isj 
fottussed  is  cidled  the  far  poiiif.  The  j)oint,  on  the  other  hoiid.j 
for  which  the  eye  is  atlapted  when  exerting  its  full  j)ower  of  I 
accommodation — that  is  to  say,  the  point  which  in  the  stroii(f»t( 
state  of  refraction  of  the  eye  has  its  conjugate  focus  ou  tho, 
retina — is  calleil  the  near  point. 

The  focal  .strengtli,  again,  of  that  addition  to  the  lens  which' 
brings  the  adapUition  from  the  far  ta  the  near  point,  uieasnn» 
the  bifadlh  or  rantfc  of  ncanumodalion  in  each  case.  Thus,  if  A 
denote  the  value  in  ilioptres  of  the  accommcKlative  change,  ami 
F  and  N  respectively  the  values  of  the  lenses  in  dioptres  wliuas 
focal  tlistances  measured  from  the  eye  would  coincide  with  tba( 
far  and  near  points  of  the  eye,  we  have  A  =  N— F. 

It  is  evident  that  equal  ranges  of  accommodation  may  co 
exist  with  ditlerent  positions  of  fnr  and  near  points.     Thus 
there  is  the  same  cliange  in  refractive  power  prodnce<l  by  an 
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cttdditinn  of  5  tlioptres  witliiii  nn  eye  fwussed  for  pftrnllel  rays, 
w  Ujere  is  by  the  siime  atUiitiou  of  5  dioptres  in  the  case  where 
it  is  nlrwidy  fiK-ussed  for  a  dist^ince  of  \r  metre.  Yet  the  lineur 
distance  between  the  two  points  focussed  fi>r  dilfers  very  con- 
siderably, reacliiug,  in  tlie  first  c*ise,  fr(*iu  nn  iulinite  distance 
to  20  centimetres  or  8  inches  from  the  eye,  in  the  second,  from 
20  centimetres  U*  10  eentimetivs,  a  linear  difference  of  4  inches. 
In  l»oth  wuk'S,  A,  tlie  i-ange  of  accommodution  =5*0  in  the  first, 
l»«?cau8e  N  =  50  and  F  — 0;  and  in  the  second,  because  N  =  10 
and  F  =  .oO. 

TIk*  Hccoioiuotlation  is  Siiid  Lo  \iv  positive  when  the  eye,  from 
being  focussed  for  a  more  distunt  object,  is  adapted  for  the  vision 
of  a  tunrtr  one;  7J/7ff/irf,  when  the  chaiige  in  ncr*omtn"dation 
takes  place  in  tlie  opjKisite  diivction,  and  tlie  refractive  power 
of  the  eye  is  diminished.  A  positive  change  in  aeconuuodation 
is  i»cc*wii.tned  by  a  muscular  efl'ort ;  u  negative  cliauge,  on  the 
other  Imnd,  is  a  i*esult  of  a  cessation  of  more  or  less  of  the 
muscuLu-  contraction,  so  that  the  eye  in  a  state  of  rest,  as  far  as 
musenlar  effort  is  concerned,  is  focussed  for  its  far  jKunt 

Helmholtz,  wlio  first  discovered  that  tliis  altemtion  in  the 
cunutiire  of  tlie  surfaces  of  the  crystalline  lens  occurred  during 
accomm<Klation,  and  was  sufficient  to  account  for  the  change  of 
refraction  produced,  also  gave  the  following  explanation  of  how 
tliese  alterations  are  brought  alnrnt  In  the  [wsition  of  rest,  the 
lens  is  compressed  in  the  direction  *)f  its  axis,  and  more  p;ir- 
licularly  t->u  its  anterior  .surface,  by  the  fibres  of  its  suspensttry 
li;2ament  (the  zonule  of  Zinn),  which  are  under  a  certain  degree 
*if  tension.  When  this  tension  is  released,  the  lens,  owing  to 
its  elasticity,  or,  more  correctly,  the  elasticity  of  its  capsule, 
liecomes  thicker,  the  cun'ature  of  its  anterior  surface  under- 
gi>ing  a  very  considerable  inoi-ease,  whilst  tliere  is  a  simultaneous 
slight  increjise  in  the  curvature  of  its  pr»sterior  surface  as  well. 
Tlic  cause  of  tlie  release  of  the  tension  on  the  fibres  of  the 
zonule  is  the  coiitmction  of  the  ciliary  muscle.  When  this 
Djni*cle  c-ontrncts  it  appnixiniates  the  two  ends  to  which  it  is 
attached,  viz.,  tl»e  choroid  on  the  one  hand,  and  the  tissues  form- 
ing the  angle  of  the  ant>erior  ehamWr  on  tlie  other.  In  this 
way  the  position  of  att«chntent  of  the  zonule  fibres  is  dniwn 
forward,  and  the  tension  which  tliey  exert  on  the  lens  ciijjsule 
tUniinished.     Tlie  retraction  of  the  anterior  attachment  of  the 
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ciliary  nnist'le  ujiuswh  a  UwjiHtiing  of  thi?  peripheml  jMirtiouof  tiw   i 
unteriur  cimiuber  tliiring  accommodatiou,  whilst  at  the  sun 
time  tlie  centrul  jiortion  of  the  ch;iml>er  is  sJiallowiHl  It  llr 
ljul«:;iiij^  fin'wiiid  of  tiie  imtt^rior  surfwe  nf  the  li*ntt,  lui'! 
3e*iuent  slight  iulvjinc«iueut  of  the  pupiL     During  aci- 
tioii  thei-e  \&  aLio  w  coiitnictiou  of  the  yiiipiL 

It  follows  froui  what  lias  l>een  said  with  referena*  U*  ik 
riiechaiiisiu  of  acconnuotiatiuii  that  this  power  is  entiivly  tbaeni 
when  the  lt*iis  is  ahseiit  from  the  liya* 

Tilt'  niiijfe  rtf  accoiumodatioM,  (Ifpeii'liiig,  aa  it  Joes,  <mihe 
extent  to  which  the  eiirvHlure  changes  take  place  iu  the  crp- 


Kiii.  122.— Diagimm  showing  iweiition  of  lens,  &cl,  in  sye  At 
Mc«nnuit>diit«d  eye  (oTter  Fuchs). 
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talliiii-  k'us,  in  response  to  the  action  of  the  ciliaiy  djukJ*?,  i* 
iiiHiitjin.'cd  hy  ihc  consisteucy  of  the  lens  snhstauce,  as  weD  as 
hy  the  functir^nal  activity  of  the  ciliary  muscle  or  the  iMinw 
wliich  sujiply  that  muscle.  Diminution  in  the  range  of  afoini- 
mofUitiou.due  to  cliaiigfH  wliich  take  place  in  the  lens,  is  phTW> 
logical  in  so  far  as  such  diminution  slowly  and  gradually  Ukrt 
place  during  life;  prolwtbly  not  l>eginning,  however,  till  afUTlbf 

'  For  furttier  iwrtiuulnre  in  oonnwtion  with  accommodAticm.  ns  ir«U  «  •  i^ 
i-UMsion  of  the  experimenta  on  which  this  explanation  i»  given,  the  RsMlrrttf)' W 
referrod  to  Helmholtz's  Ph*it,  Optitt^  leoond  edition,  pag«  12, 
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first  few  years  of  childliood.  Although,  theivfore,  nctt  aUsolutely 
identical,  then*  exists  n  very  similar  muge  of  ucooimaodatitm  in 
all  iniHviduals  of  the  sjime  age,  the  range  being  lestt  the  older  the 
iiuli\iilual.  until  it  completely  tlisappenrs,  (iiul  no  power  renmins 
of  altering  tlie  refnictiou  of  the  eye. 

Tlie  linear  diatunce  si'piratiiig  the  far  and  near  points — or, 
shortly,  the  position  of  the  range  of  arcommoihttion — depends,  on 
the  other  hand,  upon  the  stjite  of  refraction  of  the  eye ;  hut  it, 
Umj,  may  change  with  age,  owing  to  the  tendency  which  the  condi- 
tion of  refraction  has  to  alter  at  ditl'erent  times,  more  especifilly 
up  to  tlie  perio<l  of  full  growth,  and  after  the  age  of  sixty. 

The  most  favourable  position  i»f  the  mnge  of  accommmlation 
is  that  which  admits  of  the  focussing  (if  objects  through  tlie 
greatest  distance.  This  is  what  occurs  in  emmetropia.  and  in 
caaea  of  ametropia  where  the  ametropia  is  fully  corrected.  In 
I  hypertnetropia,  when  the  range  of  accommodation  is  consider- 
\  able,  and  the  hypermetropia  not  of  liigh  degree,  the  position  of 
the  range  of  accommodation  is  also  favourable,  ?.c.,  althougli  a 
certain  portion  is  required  for  the  adaptation  of  the  eye  for 
distant  vision,  tlicre  still  remains  a  sufficient  amount  to  enable 
it  to  focus  objects  at  a  distance  neai*  enough  for  all  practical 
purposes.  The  position  of  the  range  of  accommodation  is  most 
unfavourable  in  myopia,  as  in  no  state  of  active  or  passive 
refraction  is  it  possible  for  the  unaided  eye  to  get  properly 
distinct  images  of  dist^mt  objects,  so  that  its  accomnunlative 
range  only  serves  the  purpose  of  adapting  it  for  vision  of  near 
objects, — the  linear  ilistance  corresp^inding  to  the  same  uccom- 
modative  range  l>eing  of  couree  smaller,  and  consequently  less 
serviceable,  the  higher  the  degree  of  the  myopia.  Indeed,  even 
when  the  myopia  is  by  no  means  considerable,  say  4  dioptres  in 
t.  tmount,  the  range  of  occommodatifm  which  the  eye  possesses  is, 
P^ttnless  the  crmr  be  coiTected,  of  little  practiciil  use,  as  few 
r  objects  require  to  be  looked  at,  at  a  shorter  distance  than  \ 
I  metre.  Myopia  of  that  degiee,  at  a  time  of  life  when  there 
exist-s  a  mnge  of  accommodation  of  say  10  dioptres,  is  associated 
I  with  greater  inconvenience,  so  for  as  the  possibility  of  receiving 
distinct  images  of  objet^ts  at  dilferent  distances  is  concerned, 
than  a  h}'X)ermetropia  of  the  same  degiee,  and  witli  the  same 
acconunodative  range,  6  dioptres  of  which,  after  4  dioptres  have 
been  employed  to  adapt  the  eye  for  parallel  rays,  cover  the 
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distance  from  the  most  distanl  objects  to  those  vnAy  \  lovUr 
from  the  eye. 

It  will  now  be  readily  understood  that  luore  \it  usuaUj 
effected  by  the  correetiuii  of  luuetropia  thau  the  mere  optical 
adaptation  of  the  imaccoinniodated  eye  for  the  f*:»c': -":  :  ' 
parallel  niys.  lu  all  cases  when:  a  fair  ranj^e  of  acdjun. 
still  reuiaius,  the  position  of  the  range  is  thereby  at  tht*  wot 
time  displaced,  so  as  to  become  as  favourable  as  p(i*s&ible. 

The  contnu'tiou  of  the  pnj)il,  wliich  <x*c»rs  along  with  iHcrU 
at  accommodation  and  convergence  of  the  visual  axis,  is  of  nwit 
or  less  aerWce  in  extemliu^  tlie  range  of  distinct  visioiL  l>n 
account  of  the  smallne^  of  the  pnpil  and  consequent  dumiui- 
tion  ill  the  si/e  of  the  circles  of  diffusion,  the  p«iLi<>n  ul 
wiiich  ordinaiT  sized  print,  such  as  that  used  in  newsjviprri, 
can  be  seen,  lies  considerably  within  the  real  nejir  p(»mt,  ji 
that  for  which  the  e^'e  is  jictually  fucussed. 

The  deterininatioji  of  the  range  of  accommodation  (A)  iini 
hii'ge  number  of  individuals  of  different  ages  was  tuatle  bj 
iMuib'Ts,  who  obtained  an  uvtM'age  for  diflerfnt  ages  fnau  whicb 
he  plotted  a  curve  (Fig.  123)  in  whichthe  ordiixates  represeiillhf 
age  and  the  aljscissn?,  tlie  corre>ipon(hng  ranges  of  accouiiw*l»* 
tion  measured  in  dioptres.  This  curve  enables  us  to  see  4t  i 
glance  what  is  tlie  average  mnge  of  acconiUKMlation  for  any  i^ 
and  conversely  gives  for  a  certain  range  of  accomiuodatiuu  iJw 
avei-age  age  at  wliicli  tliat  range  is  found. 

The  curve  gives,  too,  the  actual  position  of  the  near  [Ufll 
corresponding  to  any  age,  supposing  the  eye  to  be  enuuetropic. 
By  merely  displacing  tlie  curve  upwards  or  downwarrls  the 
})OHition  of  the  near  ptjiut  at  the  same  age  (and  indicated  in  ibt 
same  way  by  the  numl>er  of  the  dioptre  lens  liaWng  an  tajuiwk 
lent  focal  length)  for  any  degree  of  my^jtia  or  h3-i>enueuvpia  » 
obviously  also  given,  as  it  is  clear  that  tliis  must  l>e  got  W 
merely  adding  or  sidHracting  the  value  of  the  far  point  lei»- 
Thus  in  myopia  of  5*0  diopties  accoi"ding  to  the  diagram  <*! 
ten  and  twenty  years  of  age»  the  fUsUiuce  of  tlie  neJir  pttint  frtiu 
the  eye  woidd  be  i'e8j>ectively  represented  by  the  focal  disuni* 
of  a  lens  of  14-0 -h5"0  =  190  and  100  +  50  =  15-0  diuptivs.-»>. 
it  would  be  in  the  Hrst  case  yV  i"stciid  of  ^\  of  a  metre  disWit 
from  the  eye  (a  linear  dilierence  of  about  19  millimotres).  jwd 
in  the  second   ,^^   instead  of  -jV  luetre  from  the  eye  (a  liiit»r 


dillorence  of  uver  33  uiilliiuetres).  Aud  wliilst  iii  luuetropia  the 
near  jKiint  h»is  usually  at  about  the  age  of  sixt3'-four  receded  so 
OS  to  be  infiiiitoly  diHlJiiit,  un  in(livi(hml  whom^  niyo]niL  at  tlmt 
age  waa  0*0  would  still  huve  a  near  point  rather  withiu  \  of  a 
metre  fnnn  the  eye.  Again,  tjikinj^  a  east*  of  hypermetmpiu 
5*0;  we  shouhi  have  tlie  average  lu^Hr  jKtint  at  ten  and  twenty 
years  representeil  resj^ectively  by  lenses  14*0  — 5'0  =  9'0  and 
lOO  — 50  =  5.  Befitre  forty  tlie  near  y«iint  would  have  reeetled 
U>  iutinitv,  as  l>y  that  time  in  emnielropia  it  is  representeil  l»y 
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FlQ.  223.— Dunden*  cunc  of  range  of  accommodMion  (after  Nftgvl). 


rather  less  than  50.  and  in  the  degree  of  liy|Kinaeti»pia  we  ai*e 
considering  wouhl  Ix;  mther  less  than  5*0  — n-0^0. 

I'raetically,  it  lias  to  l)e  remeuibered  that  whilst  the  curve 
of  Fig.  123  gives  the  average,  we  may  frequently  Rnd  not  incon- 
fdderablp  real  or  ap|»arent  diiferences,  more  especially  in  the 
•hrvclion  of  the  mnge  l>eing  greater  than  is  tliere  given.  It  has 
to  be  reuiend>ered  that  the  near  point,  and  this  refei*8  m(»rc 
specialty  to  young  petipU*,  may  not  idways  appear  tlie  same  in 
le  stime  cuise.  as  much  depends  on  the  efl'ort  exerted  to  increase 
the  refractive  power,  and  the  greatest  possible  effort  can  only  be 
uiomentJirily  maintained. 
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One  of  the  simplest  practical  methods  of  finding  the  {loataoa 
of   the  iieur  point   iu  any  case  is  to  ileterniine  tht-    "     :  ' 
couciive  gliiss  with  wluch  the  imlividual  can  8*?e  distii. 
pi-iiU  (of  a  size  corresponding  at  a  definite  distance  ham  ui» 
eye  to  sonietliing  approatiiing  the  Hinit  <;if  his  visual  airuitij^l 
or.  wliere  tlie  near  jxjint  lies  l>eyond  the  distance  at  wind  ti»c| 
print  is  lield,  the  weakest  convex  lens  with  which  it  can  b*-j 
seen.     In  order  to  do  so  he  has,  of  course,  to  add  as  it  wrt  ts 
equivalent  convex  lens  to  his  eye  in  oitler  to  uverciiia«r  tk 
C4incave  one  placed  in  front  of  it,  s<i  that  the  strength  <rf  lh»t 
addition,   and   consequently   the   point   for  wliich  the  m  t$J 
foeusKcd  when  exerting  its  full  amount  of  aecommo*iatiau,ii 
its  near  point,  can  be  readily  calculated  from  the  strengdi  of^ 
the  concave  lens  and  its  distance  from  the  eve.     This  is  st^D  in 
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Fia.  124. — Showing  the  manner  in  which  the  action  of  a  oanan 
leiifl  c&n  be  overcome  by  alteration  in  th«  currature  of  the  cryvul- 
liue  leiui. 


Fig.  124,  where  the  meniscus-shaped  portion  of  the  ciyBtaUinaj 
lens  is  that  which  counteracts  the  effect  of  the  coucav'e  lew. 

Tn  fprder  to  exert  the  greatest  possihle  amount  of  accomnio-j 
dative  innver,  most  pei^ple  luivo  to  hiing  about  a  degree  of  cdo^J 
vergence  of  their  visual  axes,  wliich  is  greatly  in  exocas  of  lb»t' 
whii'li  would  direct  the  lines  of  vision  on  the  nearest  ftoint  ihos 
accouiiuodated  for.  AVhat  is  called  the  (<^«o/«/f  near  jMiint<'Jifl 
therefore,  as  a  rule,  only  l>e  attained  by  the  sa(Mifice  of  bimicakr 
vision.  The  binocular  near  point  and  the  binocular  rangf  uf 
acconmiodatiun  have  been  distinguislied  by  D^nilers  fptin  ibe 
jiiifiulute.  It  is  seldom  that  the  diflerence  between  the  two 
amounts  t^o  anything  of  practical  impoitnnce. 

DoiulcTrt.  t(i  wiiiim  we  owe  in  givai  measure  our  knowledge 
of  the  nature  of  accommodative  and  refractive  errors,  hw  «l» 
pointed  out  the  importance  of  what  he  has  called  Uie  rvlttftM 
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^Psnnge  of  accomnicKlation.  This  may  be  liHjked  upon  as  the 
*^nge  of  accomiuodation  wliich  is  at  the  disposal  of  tlie 
XXidividual  for  any  piirticulur  degree  of  convergence ;  that  is, 
^iven  any  point  un  wluch  the  visual  axes  converge,  the  differ- 
Cmoe  between  the  furthest  and  the  nearest  point  for  which  the 
«!Te«  can  be  accomm*«lated  without  changing  the  point  of  fi.xa- 
"^ion. 

The  relative  range  of  accomnio<latioii  varies  f<»r  different 
distances  of  fixation ;  but  the  practical  importance  to  l>e 
attached  to  it  is  usually  Umited  to  the  amount  and  tliaposition 
c»f  the  range  which  exists  f<tr  the  reading  ilistaucc,  Tliat  pnr- 
tion  of  tlie  reUitive  range  which  consists  of  the  difference  between 
accomnKxidtion  for  the  distance  fixed,  and  the  nearest  point  for 
hich  accommodation  with  that  degiee  of  convergence  is  pos- 
ble,  is  calle<i  the  ^wsitivc  portion  of  the  relative  range  of  accom- 
modatioiL  That  portion,  on  tlie  other  hand,  which  is  the 
diH'erence  1>etween  tlie  degree  nf  arconnnfidHtinn  for  the  point 
fixed  and  the  furthest  point  which,  under  the  circumstances,  can 
be  distinctly  focussed  for,  is  called  the  nttjalivt  portion.  The 
positive  portion  is  detenriined  by  the  stntngeat  Ciincave  glasses 
which  can  be  overcome,  and  the  negative  by  the  strongest  cou- 
X  glasses  wliich  can  be  overcome  without  any  change  in 
coiivergeuce. 

It    is    generally   considered    that   r»nly    when   the   positive 
portion  is  at  least  as  great  as  the  negative  is  the  distance  one 
fur   which    Eiccommoilatiou  can  be  niainUunetl  frtr   any  length 
of  lime,  without  giving  rist^  to  pain  or  iH.scoinfnrt,  u\\  in  other 
Wonls,  to  what  is  called  accommodative  asthenopia.      In  some 
cases,   however,  tliere  is  a  considerably  greater   tlian    n(»ritml 
negative  relative  accommodative  range,  so  thai  probably   the 
proportion  between  the  negative  and  positive  portions  is  of  less 
importance  as  affecting  tlie  capaltility  <»f  maintaining  the  neces- 
sary degree  of  accommtKlation  for  the  working  <lisUiucc\  than  the 
uctual   amount  of  the  positive  portion,  which  should  at  least 
«;qiml  2*50  to  30  diopti*es. 

The  direction  of  fixation  appears  also  to  be  of  some  influence 
cm  the  niiige  of  rektive  accommorlation.  It  is  not  always  the 
ftame,  for  instance,  in  looking  down  as  on  looking  up  at  equally 
distant  objects.  The  diffuronce  in  this  respect  is  subject,  too,  to 
individual  variation. 
32 
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Fig.  125  is  Doudere'  curve  of  relative  accommodation  iu  ti» 
G&Be  of  ail  euunetrope  iiged  fifteen.     The  equally  ' 
zontal  lines  represent  intervals  of  1*0  dioptre  of  w 
ao  that  the  point  where  they  cut  the  curve  gives  the  wmxa, 
in  dioptres  of  acccniuuodiition  exerteti.     The  verticaJ  lirn- 
sent  the  anglea  of  convergence  made  by  tlie  two  vi^t.> 
corresponding  to  the  distances  for  which  the  eye«  are  wwtt- 
modated.     The  numljering  is  according  to  Nngel's  metre  i^ 
notation,  which  is  baf^ed  on  exactly  the  same  system  «  All 
explained  for  the  metrical  numbering  of  lenses.    According  H 


40 

1 

1     i      .      1      i      *      1 

i 

]■--' ' 

/ 

> 

- 

V 

y 

^ 

# 

- 

z 

r- 

y 

b 

/ 

/ 

A 

/ 

/ 

"? 

/ 

/ 

~P 

__ 

/ 

/ 

r 

/^ 

A 

.-'I    In 

- 

.-• 

rW- 

M 

^ 

7"-^^ 

*' 

^ 

y 

l''j 

^ 

L 

/ 

'X 

/ 

f^ 

■^ 

.•'■ 

^ 

r 

/ 

/^ 

^ 

L 

V 

/ 

/ 

4 

^ 

y 

L 

f 

/ 

^ 

^ 

*•* 

/ 

^ 

/ 

/ 

^ 

/ 

A 

y 

0 

1 

r, 

-A 

^'      1 

y 

a    s 

4     B     e 

i 

n 

fi 

%e 

t  1 

J 

1 

Fio.  12fi. 

this  notatiou,  the  angle  which  the  visual  axis  of  euch  eye  uukd. 
when  a  point  in  the  middle  line  is  fixed,  with  the  direction  ti*? 
Iiave  wljeu  fixing  a  distant  point  slniight  in  fixint  of  themtf 
exprcsaed  us  the  recipnicul  vahic  of  the  distance  from  the  «yt 
to  the  nearer  point  measured  in  metres,  or  fractions  of  a  mrtn 
Thus,  if  the  distant'e  iixed  be  J  metre,  tlie  convergence  issBU'lW 
be  3  metre  angles  in  amount ;  if  -jV  of  u  metre,  distanw  IC 
metre  angles,  and  so  on.  Similarly  the  dill'erence  in  the  d£$^ 
of  convergence  between  the  direction  required  for  fixation  of » 
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puint  i  of  a  metre,  and  another  ^V  "f  a  metre  from  each  eye, 
^nals  7  metre  aiigle^t. 

The  normal  or  ideal  relation  between  convergence  and 
>minodatiou,  in  which,  for  any  numl>er  of  dioptrea  of  iiccoin- 
ttion  exerted  a  similar  number  of  metre  aiij^les  of  conver- 
are  de8cril>ed,  is  represented  by  the  <liagonal  lino.  This 
relation  can  obviously  only  exist  when  the  refraction  is  emme- 
tropic, and  tlie  p*j«itiun  of  rest  nf  the  visnal  axes  parallelism, 
or  where  a  delinite  ilegree  of  hyi>enuetropia  or  myopia  is  asso- 
ciated with  a  corresponding  amount  of  divergence  or  convergence 
of  the  axes  in  the  state  of  rest.  The  position  of  any  point  on 
the  curve  above  thediiigoniil  represents  the  jHjsitive,  that  of  any 
point  below  the  diagonal,  the  negative  portion  of  the  relative 
ai'couiUKxlatinn  for  the  dc^gree  of  convergence  represenle*l  by  tlie 
vertical  lint;  which  passes  through  it.  In  the  case  for  which 
the  cnr\e  is  plottetl  we  see  that  binocular  vision  has  been 
imi>o88ible  for  a  point  X'  lying  nearer  than  l»etween  \  and  ^^ 
m**tnr  from  the  eyes,  and  that  althougli  18  metre  angles  of  caju- 
vergence  were  possible,  this  did  not  result  in  an  aljsolute  ne^ir 
p<^iint  closer  than  j\j  metre.  Tlie  curve  also  shows  that  even 
although  it  has  been  impossible  to  accommodate  for  tlie  nearest 
]Mmit8  for  which  the  eyes  were  convei'ged,  still  a  certain  range  of 
relative  accommodation  remained  up  to  the  greatest  poSvSible 
ci.invergence.  Here,  too,  we  see  that  this  positive  portion  of  the 
relative  acwmimodation  range  has  e^luaIled  the  negative  up  to  a 
convergence  of  5  metre  angles,  so  tliat  the  individual  has  been 
in  the  position  i»f  Uung  ablf  to  maintain  the  amount  of  accom- 
modation necessary  for  reading  at  ^  of  a  metre,  or,  say,  8  inches, 
without  any  inconvenience. 

If  the  inyopiu  or  hypermetropic  individual  wei-e  situated 
exactly  as  the  emmetropic  in  respect  to  the  association  of  the 
convergent  and  accommwlative  movements, — that  is,  if  his  zero 
point  of  convergence  corresponded  t<3  his  zero  point  of  accom- 
modation— it  is  evident  that,  when  the  ametropia  was  at  all 
considerable,  he  would  have  to  sacrifice  binocular  vision  in  order 
111  see  distinctly.  We  have  only  to  displace  the  diagonal  line 
downwards  in  the  c^se  of  myopia,  and  upwards  in  the  case  of 
hypenuetropia,  to  see  at  a  glance  what  the  requirements  of  these 
states  of  refraction  are,  and  how  they  become  mare  diflicult  of 
attainment  on  the  supi»osition  made,  the  lugher  the  degree  of 


500        REFRACTION  AND  ACCOMMODATION 


ametropia.  Thus  the  lowur  line  represents  the  requlremenia  of 
a  case  of  myopia  of  50  dioptres ;  it  shows  that  up  to  a  5  mtftre 
angle  of  convergence  no  accuuiniodation  is  rtHjiiired,  wbil&t  for 
8  metre  angles  of  convergence,  for  instonce.  only  3*0  dioptres  of 
accommodation  are  necessary.  Again,  a  glance  at  the  uf^;wr 
dotted  line  of  the  diagram,  which  represents  the  re<|uirement8  of 
a  case  of  hypermetropia  of  50  dioptres,  will  show  that  up  to 5*0, 
dioptres  of  accommodative  effort  the  visual  axes  must  remain 
imrallel,  whilst  for  80  dioptres  of  accommodation  only  3  rac 
angles  of  convergence  are  requii-etl. 

The  actual  state  of  matters  in  cases  of  ametropia  is.  howerS^ 
not  80  bad  tus  it  would  be,  did  the  conditions  as  they  exint  in 
emmetropia  hold  good  in  the  manner  we  have  8uppose<l  Thcr«l 
is  a  great  difference  in  this  resi>ect  in  different  C4i«es,  a  difference 
which  depends  partly  on  the  extent  to  whicli  the  nature  of  this 
association  of  the  two  impulses  to  convergence  and  accommoda- 
tion differs  from  that  which  we  have  looketl  upon  as  uormal  or; 
ideal,  and  partly  on  the  range  of  relative  accommodation. 

If  the  aftsooiated  impuli^es  were  alwnyti  connected  as  Ld  emmrtinpia, , 
we  should  expect  to  Hnd  that  ns  soon  as  one  eye  wiia  iH:cIude<i  f^>E^ 
\-i»ion  of  tlie  object  fixed,  it  would  take  up  a  jiositiou  which  bivu^hti 
the  axes  of  vision  to  bear  on  tlie  point  apoommodateil  for  In  tfaol 
case  of  myopia,  then,  the  occbided  eye  should  diverge,  and  in  the 
of  hypcrniotropid  converge.  Tliis  is,  howpver,  by  no  means  iuvamhly 
the  ciise ;  when  it  is,  the  degree  of  deviation  is  indeed,  as  a  rule,  not 
GO-extcnsive  with  the  ref|uireiuenttit  of  uu  intimate  association. 

The  starting-point  of  the  convefgent  ettVui,  it  must  be  bom^  itt 
mijid,  in  not  always  parallelism  ;  thut  is  to  sjiy,  the  ]H)sitton  of  t^aX  or 
equililirinin  of  the  two  eyes  miiy  be  n  (h'vergent  one,  an<i  this  may 
inllueiice  the  position  taken  up  by  the  otcluded  eye,  under  the  rir-i 
cumstances  jui;t  reforred  t*").     lint  evi-n  when  this  position  -i 
briuni  is  allowed  for  there  still  remnins  such  a  degri'e  of  di&iL. 
l»etween  tho  n^sulta  aftorrled  by  this  siinpK*  expt^riment  and  Uir»w  whirh 
the  ideal  association  would  necessitate,  that  there  uui  \nt  nu  doubt  thti 
association  is  often  of  another  nature,  altogether  more  favonmhle,  aa  a 
rule,  to  the  individual  case. 

Associated  movenients,  that  is  to  say,  Dtovements  osaociatcHi  in 
aueh  a  way  that  a  voluntary  atiuidua  to  the  one  hberatea  ou  in* 
voluntary  stimulus  to  the  other,  may  be  either  congenital  or  aoqaired« 
Of  what  nature  the  two  under  consideration  are,  has  bi^en,  and  still  ia, 
a  disputed  i>oint,  some  holding  that  the  exigencies  of  evrry  individi 
case  lead  to  a  greater  or  less  dissociation  of  acnomniodntion  and 
vergence,  which  are  naturally  intimately  connected  in  the  ideal 
while  others  again  believe  that  the  two  originaUy  indopendeut  qm 
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beoome  associated  in  suoh  a  manner  ^  to  meet  the  requirements 
;h  case.  Which  of  these  two  viewji  is  the  correct  one,  is  a  matter 
ia]>£i  of  small  im^tortance.  The  practical  point  is  that  the  nature 
the  association  is  very  variable,  both  in  respect  to  the  relative.  i>oints 
bf  departure  of  accommodative  and  convergent  movements,  and  the 
Mteneiss  or  laxity  of  the  ejciating  relation  between  the-m. 
|V  Two  circumstances  intlucnce,  no  doubt,  the  conditions  of  iissocia- 
Son,  viz.,  hcreflity  and  tendency  which  the  state  of  refraction  has  to 
change.  Thus,  with  regard  to  the  first,  there  are  many  points  which 
iseexn  to  indicate  that  an  individual  whoso  ametropia  is  undoubtedly 
linherited  is  less  likely  to  l>e  unfavoumbly  situated  in  the  association  of 
Ihis  accommodative  and  c<invergent  efforts,  than  one  in  whom  the  error 
of  refraction  is  moiv  distinctly  occidentAl,  whilst,  in  the  second  place, 
much  evidently  depends  on  the  rapidity  with  which  the  refractive 
dianges  take  place,  as  when  rapid  il  corresponding  adaptation  beconies 
less  easy. 

^P  A  full  correction  of  the  ametropia  in  auy  case,  by  which,  as 
we  linve  steu,  the  pOHition  of  the  range  of  ac('onunmlation  is 
altered  to  what  obtiiijis  in  euiinetri^pia,  fre([uently  gives  rise  to 

E*'     jmfort,  owing  to  its  intnMluciug  at  tht;  saiiie  time  a  less 
urable  situation  of  the  existing  relatioii  l>et\veen  acconuno- 
:)U  and  convergenee.     This  ih  more  especially  the  aise  when 
,  the  correction  is  made  in  adult  life. 

r[i  the  other  lian<].  a  full  or  partial  correction  rtften  relieves 
asthenopia,  which  an  unsuitable  relation  in  the  iisstK'iated 
,  impulses  occasions. 

^ft  A   question   whicfi   natunilly  suggests  itself  in   connection 

flnui  accommodation  is.  lus  to  whether  or  not  tlie  two  eyes  can 

lie  accommodated  to  different  extents  at  the  same  time.     For 

objects  seen  in  the  middle  line,  and  where  the  refmction  is  the 

some   in   the   two  eyes,  an   unequal   degree  of  accouinuHlation 

wonld  not  be  requircil  in  order  that  the  utmost  distinctness  of 

the  images  on  both  retina*  should  result.     On  the  ntlier  hand, 

j|jhen  the  objwt  tixeil  is  to  the  one  side,  and  not  far  from  tlie 

Bke,  or  where  thei'e  is  unequal  refraction  in  the  two  eyes  (what 

is  culled   anvutinctn^jntt)  an    equal    amount   of   accommodation 

would  obviously  not  permit  of  absolutely  distinct  images  being 

obtained  in  both  eyes.     "WTiat  then  happens  under  these  cii- 

cnmstances  ?     Do  the  two  eyes  aevommudute  uii(M|ually,  go  as, 

j|beu  the  ilifiei*ence  is  not  too  great,  an  equally  di.stinct  image 

Hbbtained  in  each  eye  ?     Or  do  they  accommodate  to  the  same 

extent,  and  if  so,  is  one  i>i^>p^i'b'  focussed,  or  does  the  accom- 


502 


REFRACTION  AND  ACCO,\fAfODATI0N. 


lumlntion  take  place  iii  lx>th  for  an  intenuediate  distance?  Bf 
holding  ;i  weuk  pnsni  in  front  uf  one  eye,  with  the  l)as*^  * 
upwiinls  or  downwanls,  whilst  a  single  line  f)f  small  , 
other  suitable  test-object  is  fixed,  either  well  to  the  one  ade.tr 
in  the  case  of  anisonieti-opia  in  front  of  the  face,  it  will  in- 
variably be  fonn<l  that  the  inrng**  eorrespomling  to  Uieoncm 
is  perfectly  distinct,  whereas  that  whicli  belongs  to  the  ftd« 
in  niore  or  less  bluritHl,  according  to  circuinst.iinres. 

In  ani.sonietropia  it  is  iisnally  the  eye  for  which  the  acoJB- 
nioilative  eflbrt  required  for  the  distance  fixed  is  smallesltiurt 
is  propi^rly  focussed.     Therefoi-e,  when  one  eye  is  myopic  aad 
the  other  emmetropic,  the  myopic  one  is  correctly  f»<cu.*«*l. 
wlien   one   is  emmetropic  antl   the   other    hypermetropic,  ll*' 
emnietropie  one.  and  so  on.     In  tin*  fixation  of  laitvily  pUcvd i 
objects,  it  seems  i^eneruUy  Lo  l_»e  the  evL*  which  lies  umiv^t  W 
the  object  which  detennines  the  amount  of  aiHromnuHlHtiou  \fi\ 
be   exerted.      In   btitli   cases  much   dejK?nd8  on   the  ^UUi  of 
visual  acuity  of  either  eye,  and  on  which   of  the  two  retinji 
images  the  individual  ifi  in  the  hal>it  of  unconsciously  dim:lin5 
!uo.st  attention,  but  the  relation  existing  Iwtwceu  tlic  tuTomnKh 
(bitive  and  convergent  impulses  is  no  dimbt  als*i  of  intlufm^  m 
this  respect. 

The  contraction  of  the  pupil  vvliich  takes  place  aloti^  vitit 
accommodation  is  a  muscular  movement  assin-iated.  in  all  \itf*- 
ItaliiliLy,  with  both  the  accommo<lalive  and  convergent  mo\»'- 
nients.  It  is  easy  to  show  that  e\en  when  accouiiuoiUtiJ'B 
t-JikpH  place,  while  the  direction  of  the  visual  axis  n-maiB* 
unaltered,  there  is  a  corresponding  change  in  the  sixe  of  the 
pupil;  but  there  exists  all  the  time  an  impulse  ti»  conver^nc* 
(which  is  at  once  rendered  manifest  by  the  position  taken  up 
whiiji  one  eye  is  occluded),  whicli  is  only  re^traiuetl  I'J  tl»f 
striuiger  impulse  for  the  fusion  tif  the  binocnlar  images,  mtli 
which  impulse  the  actual  pupillary  change  may  be  connected 
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TMicn  the  near  point  has  ivcedcd  l)eyi>nd  22  centinicliw. ' 
or  a  Httle  more  (about  9).  which  the  cur\e  in  Fi^.  l'-*^' 
shows  takes  place  at  or  about  the  age  of  forty-five  in  ernmr 
tropes,  a  difhculty  is  exj^ericnc^d  in  reading  sniaU  print,  n»^ 
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ially  when  badly  illuniiiiated,  or  in  working  at  any- 
I  which  requires  to  be  taken  near  to  the  eyes  in  order 

give  u  large  enough  iumge  t<»  be  Been  dLstincLly.  To  this 
defect  in  ^nsion  the  name  of  prcshyopia  or  '*old  sight"  is 
^ven. 

When  an  individual  becomes  presbyopic  he  is  obliged  to  wear 
convex  glasses  in  order  to  see  distinctly  anything  which  he  has 
to  take  within  about  nine  inches  of  his  eyes.  The  glass  which 
has  to  be  worn  under  these  circumstances  should  be  of  such  a 
strength  as  to  bring  the  neiir  point  to  between  23  and  24 
centimetres  from  the  eyes,  ie.,  it  shoidd  supplement  tlie  defect 
in  accommodation  bo  such  an  extent  as  to  make  the  combined 
strenj^li  of  the  accommodative  change  (measured  from  the 
existing  adaptation  for  a  distance)  and  the  glass  e<iual  to  that 
of  a  lens  of  450  placed  in  front  of  the  eye.  In  einmetropiu, 
then,  it  must  supplement  the  range  of  accommotlation  by  just 
the  amount  that  it  falls  sliort  of  4'50  dioptres. 

In  hypermetropia,  although  there  is  for  the  same  age  the 
same  average  range  of  accommiKlation,  tlte  position  of  tlie  range 
is  unfavounible  for  nejir  vision,  uiui  l\\v.  hypermetropu  is  unable 
to  bring  small  objects  sufficiently  near  to  his  eye,  i.e.,  he  becomes 
presbyopic-  at  a  time  when  h(!  possesses  a  greater  range  of 
accommodation  tlian  4-o0  dioptres,  and  therefore  at  an  earlier 
age  than  is  the  case  in  emmetropta. 

For  myopic  individuals  tlie  reverse  holds  gooil — the  position 
of  their  range  of  accommodation  is  favourable  to  near  vision ; 
the  near  point  ia  consequently  longer  in  receding  to  the  extent 
which  rendei-a  the  aiil  of  a  cimvex  glass  necesstiry.  so  that 
presbyopia  is  later  in  making  it«  apitwinmcc  in  myopia  than  in 
emiuetropia. 

From  Fig.  12^^  it  will  he  seen  tliat  the  originally  eminetropic 
eye  becomes,  as  a  rule,  more  or  less  liypermetropic  after  the 
age  of  suxty-five ;  this  is  represented  by  t!io  dip  of  the  far 
p(tint  curve,  so  that  after  that  age  stronger  glasses  than  450 
nmy  be  re«iuired.  The  cause  of  this  senile  hypermetropia  is 
similar  to  that  which  gives  rise  to  the  advancing  diminution  in 
the  range  of  accommodation,  viz.,  the  sclerosis  of  the  lens. 
This  pnxluces  n(»t  only  a  loss  (if  elasticity,  but  alst*  a  change  in 
the  refractive  indices  of  the  different  layers  of  the  lens.  The 
layers  become  more  and  moit*  dense,  and  eventually  equal  in 
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their  refractive  power  the  central  or  uuclear  purtion. 
result  of  this  is  to  diminish  the  refractive  power  of  the  lens 
a  whole,  and  therefore  of  the  eye. 

The  glass  required  for  the  correction  of  the  preshyopia  in  a 
hypermetropic  or  myopic  individual  is  at  once  detemiineil  fi«n 
timt  retpiired  for  an  einmetrope  of  the  same  age  by  meivlf 
adding  to  or  subtracting  from  it  that  which  oonect*  the 
ametropia.  Thus,  if  an  emmetrope  required  -|-  3-0,  a  bvpcr- 
raetrope  of  the  same  age  to  the  extent  of  20  dioptres  woulii. ai 
a  rule,  require  4-5'0,  and  a  myope  to  the  same  amount  +1'CL 

Measurkment  of  Amethopia. 

The  determination  of  the  degree  of  myopia  or  liyperaw 
may  be  made  both  subjectively  and  objectively.  With  «  lirtJ< 
intelligenfM*  and  goiRl  acuttMiesa  of  vision  on  the  port  sA  tJw 
indiWdual  tested,  tlie  subjective  metho*l  is  the  most  rapid  aihI 
accurate.  It  is  only,  therefore,  when  either  of  these  facUti*  is 
deficient,  or  when  the  patient  tries  for  any  purpose  to  ilecww, 
that  an  objective  test  is  called  for. 

The  stthfective  test  is  made  by  determining  the  glass  required 
to  give  the  best  vision  at  a  distance.     The  distance  sliould  hfl^ 
at  least  live,  prefei-ably  six  metres,  and  the  test  nbjects  be  itp^^ 
or  figures  graduated  in  size,  according  to  the  method  first  JulnptM 
by  Snellen. 

If  the  patient's  accommodation  be  paralyaed  by  atropine.  «»r 
be  absent  owing  to  advanced  ^e,  or  any  other  cause,  the  cca- 
cave  or  con\cx  glass  wiiicli  enables  him  to  read  the  smallwst l}"!* 
which  lie  is  cajwble  of,  is  a  measure  of  the  degree  of  his  amelw 
(n^ferred  to  the  position  of  the  glass). 

The  presence  of  accommodative  power  renders  it  p»8fiible 
him  to  see  equally  well  (though  not  so  comfortjilily)  >*"illi 
ent  strengtlis  of  glasses.     This  rircnmstaner.  m  ust  nlways  U 
in  mind  whilst   making  a    subjftlive  test   iinrier  th* 
conditions. 

In  the  case  of  myopia,  the  degree  of  noniud  refraction  if 
Kiven  by  the  vmkcst  glass  with  which  the  in^lividual  iibtaius  lii* 
best  vision  (provided  there  is  not  any  niarkcd  defect  in  hi* 
acuity).  Stronger  glasses  do  not  necessarily  diminish  the  (U'uU*- 
ness  of  his  vision,  because  they  may  be,  and  in  the  case  of  vnitnt; 
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)e8  almost  invHriMhly  are,  iieutniliaed  or  overcome  by  an 

ttnniodative  change  in  the  crystalline  lens. 

In  the  c-aae  of  liypennetropia  accoinmovlation  plays  a  still 
more  important  jwrt.  We  have  seen  that  this  ron<lition  of  refrac- 
tion, when  not  exceeding  in  Hni«}unt  the  amplitude  of  acconinio- 
dation  at  the  disposal  of  the  individual,  may  bc^  corrected  for  by 
accommodation-  This  is,  as  a  rule,  what  is  di  >ne,  more  or  less  of 
the  um]ditude  of  accf»nuuodation  being  brought  into  play  in 
order  to  permit  of  distinct  vision.  The  desire  to  see  anytliing 
distinctly,  which  is  alnmst  cousUintly  present  when  surrounding 
objects  are  sTitticicntlj'  illuminated,  is  habitually  associatetl,  tlien, 
in  In'permetropes  with  an  accommodative  effort  If,  therefore, 
we  put  a  convex  glass  in  frout  of  the  eye,  we  can  only  expect 
to  find  that  with  it  the  hypenuetrope,  by  relaxing  a  correspond- 
ing amount  of  acconmiodation,  will  maintain  tlie  same  visual 
acuity  wliich  he  liad  without  it.  If,  thai,  a  convex  Icn^  either 
jfTwluces  an  impracemcnt  in  rmon  or  doea  not  render  diatnnt 
objects  to  distinct,  the  eye  must  he  hifjiemteiropk. 

But  we  cannot,  as  a  rule,  determine  the  degree  of  hypcnne- 
tnpia  by  means  of  the  ct)uvex  glass  lield  in  fiY»nt  of  the  eye,  in 
the  same  way  iis  has  been  explained  can  lie  done  with  a  concave 
glass  in  the  case  of  mynpiH.  The  reason  of  this  is  that  the 
accommodation  brought  into  play  in  order  to  overcome  the 
refractive  error  cannot  be  alto^ther  relaxed  during  attempts  at 
seeing,  and  thns  a  portion  of  the  hyp*^rinetropia  nnuuins  Intent. 
The  total  degree  of  byi>ermetropia  (H/)  is  divided  tliL^n  into  a 
portion  which  is  UUeiU  (H/),  aiul  a  [)ortion  which  is  manifest 
(Hw):  or  H/  =  H/  -f  Hm.  The  pro(iortion  between  the  latent 
and  manifest  portions  of  tlie  liypermetropia  varies  with 
the  age  of  the  individual,  and  also  to  some  extent  with  the 
degree  of  tlie  total  li}*pennetnipia.  The  older  the  individual 
the  smaller  is  the  pmjMirtiitn  which  reuiains  latent,  so  that 
after  a  certain  age — from  forty  to  forty-five — the  whole 
amo\int  is  manifest.  The  lower  degrees,  too,  are  moi-e 
persistently  corrected  by  accommotlative  ctibrts  than  the 
higher. 

The  strniujfat  glass,  therefore,  with  whicli  tlie  indi\idual 
retains  the  full  degree  of  visual  acuity  wliich  he  jmssessea  is 
the  measure  of  his  vianifest  ht/permetropia,  A  detennination  of 
the  whole  h^'permetropia  subjectively  is  only  jiossil^le  when  the 
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accoiiimotlatioii  is  i>aiul3'8eil.     A  clcise  approximation  to  it  mar 
]»e  ui>t  by  an  objective  exaiuiuntiou. 

Wheu  the  fundus  of  an  eye  is  illuiuinuted  by  means  n(  tb 
ophthalmoscope,  the  rays  which  are  reflected  from  any  y 
it  pi*oceed  after  refraction  tlirough  the  dioptric  meiliii,  ^  :. 
diverged  from  or  converj^al  towards  some  other  point.  On  i::i  _ 
of  the  first.     If  the  eye  1)6  hypermetropic,  and  the  defcit  duI 
corrected  by  accommodation,  tliey  will  diverge  as  if  fn»m  a  |kiuiI 
behind  the  eye ;  if  myopic,  they  will  converge  to  a  point  io  fnml 
of  it.    The  distance  of  this,  the/rtrpoin/.meoeiires  in  either  cm* 
the  ilegrec  of  the  ametropia. 

The  distance  of  tlje  far  jioint  vs.  genvmlly  mcjisured  ff  ' 
oiinlinid  points  of  the  eye  {rid.  infra).     Fertile  theoretifui 
oiri'fraftivc  errors,  it  ^euus  beat  to  adopt  the  first  prinrij^nd  |Mfim  astiial 
from  whii'li  the  far  \*c>mi  is  cjdculfited.     For  most  practioU  piifpiwa", 
however,  the  jintenor  focus  is  the  point  from  which  it  ni»y  he  xoad 
convonienlly  meaauretl,  m  that  when  tlie  far  point  lies  10  oentiiMtrw 
behind  the  anterior  focus  the  eye  is  hypt.*mie tropic  to  the  «xteut  of 
10*0  i>.  ;  when  10  centimetres  in  front  of  the  anterior  fociu^  'V  "  " 
a  myopia  of  100  D.     Tlie  advantaj^es  of  this  way  of  mcasii 
degree  of  ametropia  are  that  it  then  corresponds  to  the  strength  »'i  I'l' 
contacting  glass,  imd  further  (as  is  jvfterwaiils  ex[tlainedX  in  thw  C4Sf  "f 
axial  ametropia,  to  the  axial  change. 

In  the  emmetropic  eye  the  rays  reflected  from  a  poiDt  in  d>f 
retina  pass  after  refraction  throngli  the  dioptric  meilia.  in't  :  ' 
shape  of  a  cone  Imt  as  a  cylinder,  all  the  rays  lx-*ing  paralli 
one  wlilch  passes  fi^om  the  point  on  the  retina  to  the  nodal  point- 
No  iningc.  of  any  extent  of  the  fiindns  of  the  emmetmpic  pve  i$ 
formetl  in  tlie  observer's  eye,  nnless  the  opiithahn4:»s<.'ojie  niirrnT 
be  held  verj'  close  up  to  the  eye  examiiiccL  If  hcM  uit 
distance  off  nothing  is  seen  but  a  red  reflection.  The  reas«)ntrf 
this  is  that  the  cylindrical  bundles  of  rays  from  the  imintsat 
either  extremity  of  a  jMirtion  of  the  retina  cross  between  tlw 
eyes  of  the  observer  and  obser\*ed.  and  thus  do  not  |iiiss  tlinii!::!i 
the  aperture  of  the  mirror,  so  that  wliat  is  seen  is  dh'i«\"  ■' 
collection  of  rays  from  a  very  small  area,  not  sutficicudr 
ext*insive  to  be  recognised  in  structure.  The  larger  the  pnpil»»f 
the  eye  examined  the  greater  is  the  area  from  which  niys  p»« 
into  the  observers  eye.  con8et|uently  the  larger  is  the  portion 
of  the  fundus  wliich  he  can  see  at  the  «ime  time;  and, gin'fl* 
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<!efiuite  si/e  of  object — such,  for  instance,  as  the  optit  disc — the 
farther  away  it  c^m  be  seen. 

A  ilistinct  image  of  a  portion  of  the  fundus  of  a  myopic  eye 
Ls  formed  in  the  obsen'er's  eye,  if  the  opiithalnioscope  mirn»r  b(* 
held  at  a  distance  greater  than  that  of  the  fur  \Mnni  of  the 
myopic  eye  by  the  distune**  of  tlie  ol»ser\'(n''s  near  point.  The 
amount  of  the  fundus  whose  image  is  thus  seen  depends  on  the 
size  of  tlie  pupil  antl  on  the  degree  of  the.  myopia.  Tfie  hunger 
the  pnpil  the  greater  the  image  witli  a  given  degi-ee  of  myopia. 
Again,  the  higher  the  myopia  the  grciiter  is  the  portion  of  the 
fundus  seen  vrith  a  given  size  of  pupil.  Wlien  the  observers 
eye  is  nearer  the  eye  examined  than  its  far  point,  it  receives  mys 
from  a  larger  portion  of  the  fimdus,  but,  unless  his  eye  l>e 
h}i*ermetn.>pic.  these  do  not  give  the  oKserver  a  clear  image. 
Tlie  reason  of  this  will  be  oxplainetl  further  oti. 

A  distinct  image  of  a  ptirtion  of  the  fundus  of  a  hyper- 
metnjpic  eye  is  received  by  an  eibserver  n-itlecting  light  into 
the  eye  from  mtme  distance.  The  amount  of  the  fundus  seen 
depends  on  Iiis  lUsUmee  from  the  eye,  on  the  size  of  the  pupil, 
AUd  the  degre-e   f>f   tlie   hypermetropia.      It   increjise^  as   the 

tance  separating  the  two  eyea  diminishes,  and  as  the  pupil 
and  d^ree  of  hyi)enuetir»pia  increase. 

If.  therefore,  the  observer  at  some  (hstance  from  the  eye 
receives  with  the  ophthalnuiscope  miiTor  alone  a  tolerably  clear 
view  of  »ny  part,  of  the  fundus,  such  as  the  vessels  or  optic  disc, 
the  eye  examined  must  be  ametropic. 

If  the  patient  move  the  eye  slowly  in  any  direction,  the 
riniage  s<i?en  will  appear  to  move,  and  tlie  din'ction  of  the  move- 
Inent  at  <mce  shows  whether  the  fault  in  refraction  is  one  of 
myopia  or  hypermeti'opia.  In  myopia,  the  image  will  move 
in  tJie  sjmie  direction  as  the  eyes ;  in  li}T)ermeti'opia,  in  the 
tip[H«itc  diit»ctioiL 

Tliis  i»  eviilenl,  l>ecau8e  in  myojiia  it  lies  bvtwern  tlie  obstTvcr's 
Mid  the  patient's  eye  ;  therefore,  in  thi*  first  caae,  being  in  front  of 
the  centre  of  rotation,  it  moves  with  the  anterior  part  of  the  eye. 

If.  instead  of  the  patient  moving  his  eye,  the  observer  moves 
his  f»wn  liejid,  still  keeping  the  fun<lus  in  N^iew,  then  in  myopia 
the  image  moves  in  nn  opposite  direction  to  that  of  the  obseiTor  s 
h«id,  while  in  hypermetropia  it  moves  in  the  siime  direction. 
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The  movement  bore  observed  is  a  parallactic  one,  <lm'  to  ll» 
jM^sition  of  the  ituagea  of  the  fuudus  with  respect  to  the  (wpil  A» 
tbt>  jmpil  lieis  Ijebind  tlie  image  in  mj'opia,  and  in  front  of  it  in  bT|*T 
niet^^pia,  their  apparent  uioveinent  is  in  opixjsite  directioiu,  th*-  ni'^' 
difttant  object  always  appealing  to  move  with  the  mirror. 

Another  objective  method  of  arriving  at  the  dijigtKK'is  't  ii- 
contlition  <if  refraction  is  to  observe  the  change  whifh  uV*» 
phice  ill  the  size  uf  the  optic  disc,  as  the  lens  held  between  tlw 
ophthalmoscope  and  the  eye  examined,  in  the  intlirect  nu-th-J 
of  oplithalnioscopic  examination,  is  approached  or  willMbiwTi 
from  the  eye.     If  Uie  eye  be  myopic,  tlie  withdniwal  of  the  Im* 
causes  the  image  of  the  disc  to  increase  in  size ;  if  hypeiiwv 
tropic,  to  diiniiiinh,  while  in  the  emmetropic  eye  no  ul:  ' 
in  the  size  of  the  ilisc  takes  phice  on  changing  the  po^u:  l 
the  lens. 

Thf  ])ri!ieiiml  vjilue  of  this  method  Lh  iu  tlie  otjectin 
diaguusis  of  astigmatism,  as  will  be  afterwanls  ex]>lained.  Ifl 
ametropia,  if  it  be  liigb,  it  is  also  observable;  but  in  Inv.  nr 
even  moderate  degrees,  the  change  which  liikes  place  is  apt  to 
escape  detection,  as  the  aj^xirent  size  depends  on  the  distance  I" 
wliich  the  image  is  projected  in  space.  The  change  in  sij»  fiir 
ditt'ei'ent  jjositions  of  the  auxiliary  lens  is  shown  in  Fig.  126  ifl 
the  c^ise  of  myopia  and  hyjH;rmetn»pia.  In  tJie  tipn*,  tij 
represents  the  image  of  the  disc,  or  other  part  of  the  fnudi* 
which  is  formed  by  the  eye,  and  which  is  tlierefi>re  in  it*  luni 
the  object  whose  image  is  furuied  by  the  lens.  As  some  of  the 
rays  used  to  find  the  jKisition  of  the  image  do  not  actually  pas-* 
from  the  eye,  tliey  an»  repi*esente<i  as  dotted  lines. 

The  indications  afforded  by  the  mirror  alone,  or  by  tbe 
indirect  method  of  ophthalmoscopic  examination,  are  oulyjnsl 
sntticient  tti  enable  one  to  diagnose  whether  the  refnwtion  is 
gl•eat^ir  or  less  than  normal 

An  appi'oximation  may  be  made  to  tbe  degree  of  the 
ametropia  in  various  ways.  Two  methods  are  iu  general  we 
for  thus  CHtimating  the  refraction,  viz.,  the  examination  of  tbt 
fun<lus  oculi  witli  the  ophthalmoscope  by  the  direct  method  and 
tlie  shadow  t<?8t.  The  first  is  the  more  tnistworthy  mt'tbod, 
imless  the  patient's  accommodation  has  been  pandysed  witi 
atropine.  It  i^ijuiies,  however,  some  pmctice,  as.  iu  onler  to 
give  tlie  nearest  approximation,  it  is  necessary  for  the  observrr 
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ler  to  relax  his  own  accommodation  thoroughly,  or  to  be 
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Fia.  126. — Showing  the  alteration  in  the  size  uf  the  ophthalmo 
Bcopic  imi^  as  the  lens  id  withdravm  from  the  eye  in  myopia  and 
hypermetropia. 

rare  of  the  extent  to  which  he  is  exerting  it.     It  is  of  course 
sential  that  the  patient's  accommodation  shoidd  also  not  be 
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brought  into  play,  but  there  is  as  a  rule  not  much  tendencj  to 
this,  as  the  examination  is  made  in  the  dark,  and  there  should 
be  no  near  object  to  attract  his  attention. 

In  order  to  be  able  to  estimate  the  refraction  of  another 
individual,  the  observer  must,  in  the  first  place,  be  conscious  of 
the  state  of  his  own  refraction.  The  glass  which  corrects  this, 
when  it  is  not  emmetropic,  is  brought  in  front  of  the  aperture  of 


Fig.  127. 
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the  ophthalmoseopf.  and  forms  the  starting-point  from  whi 
any  other  glass  which  may  be  required  to  obtain  a  ilistiiiet 
iiuiige  of  the  patient's  fundus  is  calculated,  as  representing  thf 
one  which  in  the  position  which  it  occupies  in  front  of  the 
patient's  eye  ai:>proximately  corrects  liis  ametropia.  Thus,  if  the 
<letails  of  the  fundus  appear  perfectly  distinct  to  the  obscnfr 
when  examining  with  the  ophthalmoscope  close  up  to  the  patient's 


OBJECTIVE  MEASUREMENT, 


5>i' 


eye,  Uje  acconaucHlulidu  f>f  lioth  eyes  being  relaxed,  and  either 
without  any  glass  intcn'cuing  between  his  own  rye  and  the 
aperture  ia  the  luinor,  or  with  that  ghiss  which  crtrrects  un 
existing  error  in  his  own  refraction,  then  the  ^mtient  must  lie 
approximately  emmetropic,  as  the  ta\)a  proceeiiing  from  any 
part  of  the  fundus  are  tlicn  all  paialh'l  lo  t[iut  whith  is  direelud 
to  the  nodal  point,  and  such  a  iwmillel  bundle  f^f  mys  must, 
after  refraction  through  tlie  nbserver's  eyL\  or  through  tlie 
system  of  correcting  lens  and  eye,  meet  at  s<jme  point  <in  his 
retina.  In  Fig.  127  E,  tlie  course  of  the  rays  is  shewn  in  tht- 
case  of  emmetn^pia  of  both  observer  and  patient. 

When  the  patient  ia  not  emmetropic  it  is  necessary  for  the 
oliserver,  always  supposing  that  he  keeps  hia  arcoiuntodation 
relaxed,  to  biing  such  a  lens  behind  the  nplithahuoscope  as 
shall  focus  his  own  eye  for  the  far  jwint  of  jiia  patient.  Tlius,  if 
the  patient  be  myopic,  lie  nnist  render  his  own  eye  hyper- 
metropic to  an  equivalent  extent,  as  the  rays  which  meet  his  eye 
from  any  point  on  the  fundus  of  the  patient  are  convergent 
lustiNid  of  j»arallel,  and  therefore  meet  at  a  poiut  in  front  of  his 
retina.  The  concave  lens  necessary  to  eflect  tliis  is  that  which 
will  correct  the  jMitient'a  myopia,  the  determination  of  the 
de;?ree  of  which  can  therefore  !)e  made  in  this  way.  This  is 
represented  at  M,  Fig.  127. 

If  the  patient  be  hypermetropic,  the  observer  mnst  bring  in 
fp^nt  of  the  ophthalmoscope  aperture  a  convex  lens,  whose  focal 
distance  corresiwnds  to  that  of  the  |Mitient's  far  point,  in  onler  that 
the  divergent  rays  from  idl  points  on  the  patient's  i*etina  may  be 
rendereil  pindlel,  and  thus  be  brought  again  to  a  point  on  the 
retina  of  the  observer.  The  strength  of  the  lens  wliich  effects 
this  is,  of  course,  the  measure  of  tl»e  degree  of  the  hypermetropia 
when  corrected  in  the  pttsition  occupied  by  it  in  front  of  the 
eye.     This  ia  represented  in  Fig.  127,  H. 

The  estimation  of  refraction  by  means  of  the  shadow  test  is 
ma<le  by  observing  the  direction  of  motion  of  thf  reil  refiectiou, 
got  by  throwing  light  into  the  eyo  from  an  ophthjdmosc«)pe 
iaim>r  held  at  some  distance  and  rotated  slightly  in  a  definite 
^direction,  while  lenses  of  known  stivngth  are  pbiced  in  fnint  of 
the  eye.  It  has  been  called  the  shadow  test,  because  attention 
is  ilireetcd  jx^rhaps  more  to  the  dark  shadow  which  Iwrders  the 
illuminated  area  than  to  the  area  itself. 
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The  examination  is  mode  in  the  following  way.  The  roott 
must  be  darkened.  Fn>m  the  source  of  liglit,  wluch  mar  1« 
placed  either  at  the  aide  of  the  patient  and  shaded  from  hiin.  w 
immediately  over  his  head,  a  beam  is  retlected  by  me&ns  vi  m 
oplithnlmoscope  mirror.  The  mirror  may  be  either  plane  nr 
Concave,  but,  other  circumstance^^  being  similar,  the  nKivezoenii 
maile  by  the  Hhadow  are  in  oppt)site  directitms,  according  w one 
or  other  is  use<l  Thus,  if  in  any  case  the  shadow  moves  m  liir 
same  direction  as  that  in  wliich  a  plane  miiTor  is  rotated,  ii  will 
move  in  the  opposite  direction  to  the  rotation  of  a  coaKart 
one.  The  reason  of  tliis  will  be  afterwards  explained-  In  the 
meantime,  as  concave  mirrora  are  most  generally  used,  ihf 
apj.>earance8  met  with  when  such  a  mirror  is  employed  will  to 
described.  The  (ilwen'er  sliould  be  8eate<l  1  metre  from  li* 
patient.  If  on  slightly  rotating  the  mirror  not  too  quickly  in  i 
horizontal  plane,  the  shadow  appears  to  move  in  the  stoc 
direction  as  the  rotation,  or  "  with  the  mirnir/*  then  the  refn^ 
tion  is  myopic.  If  it  move  in  the  direction  opposite  to  thatk 
which  the  mirror  is  n*Uited,  or  "against  th(;  mirror,"  the  refiac- 
tiou  is  eitlier  emmetropic,  h\'p«rmetix)pic,  or  ouly  slightly  myopia 
By  ]mtting  lenses  in  front  of  the  eye — concave  if  the  dijixtioi 
of  the  shadow  indicates  myojiia,  convex  if  it  indicates  hypeime- 
tnijpia — we  may  arrive  at  a  strength  of  the  lens  in  either  rwp 
which  reverses  the  tlireetion  of  the  sliailow,  aud  therefore  s^t  * 
tirst  apprf»ximati(>n  to  tlie  lens  wludi  is  recpiired  fr.r  llie  fontc- 
tion  of  tlie  ametropia  if  it  exists.  The  weakest  lens  wliiub 
reverses  the  movement,  from  being  witli  the  mirror  to  being 
agjiinst  the  mirror,  is  not  tpiite  the  measure  of  the  myopi.-L  ()u 
tlie  other  hand,  the  weakest  lens  which  reverses  the  mov^-iH^t 
innxi  being  against  the  mirror  to  being  with  it,  is  rather  higbrr 
timn  that  rcfiuired  to  correct  the  existing  h^-permetropia.  If 
the  lens  is  not  higher  than  -f  10,  the  refraction  cannnt  I*  far 
from  emmetropic. 

The  shadow  test  has  received  many  names,  ty,,  ki  nr.;.  : 
retinoecopy,  koroecopy,  skiascopy. 

The  explanation  of  tlie  appearances  met  with  in  Uio  diflVirnI  6t«l(« 
of  i-efnictiou  is  as  follows  : — Wlu-n  li^ht  is  thrown  into  ll»«»  pyt*  frco 
any  source,  the  sire  of  the  ilhimirmted  area  of  the  fundus  will  dcpeixl 
on  the  distinctness  of  tlio  imtige  of  thn  souroo  of  light  on  the  rruai. 
whilu   the   position  of    the   illuiuiuatod   area  will    alter  with  tkit 
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of  the  snurce  of  light,  and  move  in  a  direction  opposite  to  thnt  in 
which  tho  illuminating  source  is  move^l.  When  a  plant?  mi^^)t■  is 
used  to  reflect  light  into  the  eye,  the  direction  of  the  rays,  after  reflec- 
tion, is  such  as  if  they  came  from  some  source  beliiud  the  mirror. 
Tliia  apjKirent  source  is  displaced  in  the  opposite  direction  to  tlint  in 
which  the  mirror  is  rotated,  and  consequently  the  area  of  the  fundus 
which  it  illuminates  is  displaced  in  the  siunc  direction  as  tJiat  in  which 
thr  mirror  is  rotated.  When  a  concave  mirror  is  used,  the  apjmrent 
«uice  of  light  lies  somewhere  in  front  of  the  mirror,  or  between  it  and 
the  eye,  where  an  image  of  the  source  is  formed,  and  this  apparent 
aoutve  Is  displaced  in  the  same  direction  as  that  in  which  the  mirror 
is  rotiitwl.  On  this  account  the  illuminated  area  of  the  fundus  is 
displaced  in  the  opposite  tUrection.  AVliat  is  seen,  however,  by  the 
obirver  is  not  the  illuminated  area  iUelf,  hut  \U  image,  as  formed  by 
the  f  yp.  This  image  is  erect  if  the  ruys  from  every  point  of  the  area 
meet  U-hind  the  eye,  or  so  far  in  front  of  it  as  to  be  behind  the  eye  of 
the  oltwerver;  the  image  is  inverted  if  the  rays  meet  before  they  reach 
the  idisrrvers  eye.  In  the  tiwl  case,  where  the  refraction  is  hj'per- 
melropic,  emmetropic,  or  only  slightly  myopic,  the  movement  of  tho 
illuminatina,  or  the  shadow  which  borders  it,  is  in  the  same  direction 
OS  that  which  actually  takes  place  in  the  eye,  i.e.,  as  we  have  seen, 
sgainst  the  mirror.  In  the  second  case,  it  is  in  an  opposite  direction 
to  that  taken  by  the  area  of  illumination  at  the  back  of  the  eye — that 
is,  it  is  ••  with  the  mirror." 

The  neutral  point  corresponds,  of  course,  to  a  coincidence  of  the 
point  of  the  patient's  eye  with  the  plane  of  the  observer's  i)upil. 

Then,  therefore,  the  ob9er\'er  is  1  metre  from  the  patient,  and  the 
patient's  eye  ia  myopic  to  the  exteiit  of  1  0  D  (and  not  accommodated), 
the  direction  in  wliich  the  illuminated  area  moves  as  the  mirror  is 
rotale«l  cannot  be  seen.  Tliere  is  then  such  a  gnvlual  transition  from 
lij^ht  to  ihirknesa  in  the  area  of  illuminatiiin  tfmt  the  dark  shadow 
crrvsponding  lo  where  the  illumination  stops  altogether  is  not  appre- 
ciatjni.  Practically,  therefor<>,  wliat  has  to  be  detcnnincd  in  every 
case  is  the  glass  which  causes  the  reversal  of  the  shadow,  and  not  that 
which  exactly  corrects  for  the  distance  of  a  metre.  On  this  account, 
too,  tho  examination  has  to  be  made  at  a  distance,  and  for  purposes  of 
calculation  1  metre  is  ;t  convenient  distance.  Small  diflerences  in  the 
actuid  p<»sition  of  the  patient's  far  point  are  not  appreciable.  Whether 
it  i*  5  centimetres  in  fnuit  of,  or  6  centimetres  behind  the  observer's 
pupil  nrakes  but  little  ditt'erence  in  the  estimation  of  the  refmction  at 
1  metre.  The  p<:is8ible  eri\»r  from  this  source  is  at  most  ^'^j  dioptre. 
But  the  error  is  increased  in  an  increasing  ratio  for  nean'r  and  nearer 

istancos  between  the  eyes  of  olwerver  and  patient.      It  is  already 

nsiderable  when  the  eyes  are  separated  by  a^  much  as  a  foot. 

Tlte  brightness  of  illunnnation,  and,  as  a  consequence,  the  distinct- 

of  the  shadow,  is  less  when  the  ametropia  of  the  patient  is  great 

than  when  his  far  point  either  lies  ne-ar,  or  is  brought  by  means  of  an 

iliter%'ening  gloss  to  be  near,  the  observer's  eye.     This  increjise  in  the 

distinctness  of  the  shadow,  as  the  proper  correction  is  approached,  is  a 

33 
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usefiil  guide  in  the  practical  determination  of  the  refraction  by  the 
shadow  test.  The  reason  of  the  difference  in  brightness  is  tbkt  in 
ametropia  the  circles  of  diffusion  of  the  image  of  the  souree  of  li^i 
are  largo  compared  with  the  visual  angle  under  which  the  light  is 
seen. 

CardxTuil  Points. 

'Many  problems  in  connection  with  refraction  are  much  faciliuted 
by  the  knowledge  of  the  position  of  certain  imaginary  points,  vhich 
have  received  the  name  of  cardinal  points.  The  properties  and 
positions  of  these  points  may  now  be  discussed. 

Having  regard  to  the  degree  of  approximation  which  we  Hive 
assumed,  i.e.,  writing  fur  the  tangent  of  the  angle  of  divergence  of 
the  rays  meeting  any  surface  the  angle  itself,  we  may  look  upon  the 
tangent  plane  to  the  surface  as  coincident  with  the  surface.    So  that 


Fig.  128. 

as  US  and  SV  (Fig.  128)  come  to  equal  UH  and  HV  in  the  limit.  V' 
may  consider  the  direction  of  tJie  ray  after  refraction  to  be  h  V  in^^'J^l 
of  SV.     In  the  Figure 

UH  =  «,  FH=/ 

IlV  =  y,  HF'=/ 

Erecting  peq)endiculai'8  from  F  and  K  to  meet  the  incident  aiii 
refracted  ray,  and  putting  FM  =  z,  FM'  — z',  and  Wt-t/y  we  Havi— 

.V 


and^-^'.: 


n 


y 


and  as  from  3). 


U  V 


-^—  =  1  or  5  +  2=  y. 

y   y 

Tliis  proves  Neumanns  theorem,  that  the  distance  from  the  axis  of  tht 
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point  at  which  an  iucideut  ami  refi-actwl  ray  lueet  the  tungcut  pliuio 
to  the  vortex  Is  equal  to  tlio  sum  of  the  pei-peiuliculars  drawn  fi-oiii 
the  foci  to  meet  the  two  rays.  If  U  lie  between  F  and  II,  both  y  and 
z'  have  opposite  signs  from  z. 

By  the  aid  of  this  theorem  we  may  draw  the  direction  of  any  ray 

after  refraction  at  one  surface,  as,  even  altliougli  it  should  not  emanate 

from  tt  p<iint  on  the  axis,  it  will  have  such  a  directitm  (jindnnged  il" 

^Sei^-^esary )  ils  tu  cut  the  axis  at  some  ]>oiiit,  and  nmy  be  looked  ujkju 

proceeding  from  tliat  |>oint.     It  may  easily  be  shown  that  rays 

iroceeding  from  any  point  outside  the  axis  meet  after  refraction  at 

^tuiotht'c  poiitt,  when  the  n-quirod  relation  b<'tween  the  perpendicular 

from  tlie  foci  exists.     In  the  case  of  one  surface,  however,  we  may  look 

upon  every  my  whieJi  is  dir*'cte<l  towards  Iht^  centre  of  the  surface  aa 

axial  ray,  so  that  by  the  simple  construction  shown  in  Fig.  129 

^Vp  can  easily  hnd  a  {>oint  conjugate  to  any  other. 

Let  P  be  the  point  whose  conjugate  focus  is  to  be  found,  XX'  the 


p          ^ 

^"^-^^C^\F'                                    X' 

X         r\        H 

■    \ 

^~^^^=;^=:^ 

P 

P 

/ 

Kiu.  IL-S. 


and  QUK  the  tangent  plane,  to  the  refracting  suiiucc  of  which 
the  centre,  F  and  Y  the  foci.  From  P  draw  PC  thwmgh  the 
oeotre.  This  ray  being  directed  towards  the  c^intre  passes  unre- 
sted.  Draw  PQ  parallel  to  tlie  axis  XX'.  This  must  pass  after 
:tioD  thpjugh  F',  as,  being  parallel  with  the  axis,  it  is  brought  to 
tlie  pnnci{>al  focus.  Now  as  the  focus  of  P  must  lie  on  both  these 
liiuis,  PC  and  QF,  it  must  be  where  they  meet  or  at  P'.  The  same 
point  would  be  got  by  <Irawing  from  P  a  ray  passing  through  the 
^Anterior  principal  focus,  which  on  refraction  must  proceed  parallel  to 
the  axis  XX'. 

Now  let  the  f»oints  on  which  ]>erpendiculara  from  P  and  P*  meet 
the  Axifl  be  X  and  X'.     Then  HQ  =  XP  and  HK^^XK: 


XP 
X'F 

XT' 

XP 


nx-/ 

/ 

HX'-/ 

r 
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From  whuh, 


(HX-/-)(UX'-/)=^, 


i.e.,  X  and  X'  are  conjugate  foci,  or  the  ah^Hinsit  of  eoj^jnigaie  fot^ 
(nUmie  the  axis  aro  also  coryugate.  Any  i>oint  on  XP  ha&  an  image  <!i 
X'K.  and  con9(?quently  X'P'  is  the  iinugt  of  XP,  that  is,  to  l\v  t*^ 'lifv-*^ 
degree  of  approximaliou  the  image  of  &  struight  line  i«  al»'  . 
line,  and  it  may  be  shown  that  to  the  same  approximation  tlit  uu«^r  .i 
a  small  pi)rtiou  of  n  plaue  is  also  ft  small  |Kiition  of  another  pUnt  U 
rejility  an  ohjoc.t,  any  point  of  which  liivi  on  a  sphtro  wluch  \b  «o- 
cejitric  with  tlve  spherical  refracting  surface,  haa  its  mo^l  disttad 
image  on  tlie  Burface  of  another  concentric  sphere,  Wheiu  buwtnr, 
only  very  small  portions  of  these  spherical  surfaces  ■^^  ruiwd^Rd, 
they  muy  ho  looked  upon  as  coincident  vritU  their  lang*?nl  i»IjUi«i 

From  Fig.  129  we  aeo  that  the  relation  between  object  and  iaa» 
for  refraction  at  ouo  spherical  surface,  putting  HX  =  u  and  HX  =  r  lol 
HC  =  R,  is: 

o/y  _tt  +  R  g  . 


tin 


-K 


Tile  tangent  jihme  at  the  vertex,  a  section  of  whicli  is  repwswteJ  A 
tlie  figure,  is  called  the  principal  jtt arte,  and  the  (»oint  11,  where  it  nial* 
the  axis,  the  pn'wijKtl  point.  An  object  in  tlie  principal  pUnp  las 
its  image  also  in  the  same  phine,  i*.e-,  ofyect  awi  imnge  coinn^"  tn  Ih' 
principal  plaw,  for  if  wo  put  u^o,  the  equation  for  conjugate  pointi 
or  images  (/*  -/)  (v  ~f)  ^ffy  is  oidy  satisfied  by  v  =  o. 

Fiirther,  ohjeei  (tmi  imwje  in  the  prinHitaX  piane  are  of  fK$  man 
eise.     This  is  seen  by  putting  u  =o  and  v  =  o  in  6). 

The  centre  of  curvature  through  wliicli  rays  joining  coDJugit* 
I>oiiit^  pass  directly,  is  called  the  jtodnl  imint.  Kays  which  nt 
directed  towanls  the  uodal  i>oint  before  refraction  pass  after  rvfivla* 
as  if  they  came  from  that  point.  The  nodal  point  is  evidmU)  it» 
own  image. 

The  principal  point,  the  nodal  jwint,  and  the  two  priocifMd  fndtfc 
known  as  the  caytinal  pm'iitg. 

"Wlieri'  instead  of  only  one  refracting  surfiicc  we  have  to  do  witi 
a  numlKT  of  snch  surfaces,  separated  by  diUerent  refrnctivt;  tn*^ 
and  lifiving  a  common  axis,  a  great  Bimplitication  in  the  caicaUtiKHi  of 
the  relation  of  object  and  image  is  made  by  determining  the  pOBtW 
of  the  cardinal  pniuts,  of  which  in  general  there  are  tbrce  pair*,  ^ 
two  principnl  ])oiiitfl,  twn  nn^bd  iwintf*,  and  two  principal  fori  Ttr 
formula?  for  thf?  ridculation  of  these  caitlinal  points  are  lenj^'thy  but 
symmeiricid»  so  that  it  is  eusy  to  deduce  from  a  system  of  r  surface 
those  for  a  system  of  h  +  1  surfaces. 

In  problems  connected  with  errors  of  refraction  of  the 
have  more  to  do  with  the  alteration  which  is  effected  in  the 
of  the  cardinal  points  when  glasses  of  different  strengtlis  ^^^ 
at  different  distances  in  front  of  the  eyes,  aro  use<l,  llian  with 
lation  of  their  actual  position. 
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^  A  number  of  contrcil  BUifuces^  S^Sg  .  .  .  S,„  are  represented  in 
^'ig.  130  by  the  tangent  planes  to  their  vertices,  which  we  have  seen 
^*i«y  be  doue  in  the  case  of  one  surface,  ami  may  therefore  (us  the 
itnage  formed  by  the  first  surface  may  be  looked  upon  as  the  object  of 
^he  decoud,  and  bo  on)  l>e  doue  for  all.  lake  a  ray  IjC^^,  meeting  the 
ftftt  surface  pandlel  to  the  axis,  AA',  and  one,  Q'B',  on  the  same  level, 
ftl«o  parallel  to  the  axis  after  ptassing  the  last  surface ;  BQ  will,  after 
tBfraction  through  all  tht«  different  media,  pa*?s  through  K,  IIh;  second 
principal  focus  of  the  system,  and  Q'B'  will  be  the  direction  of  a  ray 
which  ])as3GS  througli  the  point  F,  the  first  principal  focus  of  the  eystcni. 
Let  LP  be  the  direction  of  BQ  after  refraction,  and  FR  that  of  QB' 
l>cfore  refraction,  FK  and  BQ  prolonged  must  meet  at  some  point  A,  po 
must  also  B'Q'  and  F'L,  say  at  /*',  a  point  at  the  same  distance  from  the 
axis  as  /«.  It  follows  frttm  the  construction  that  there  will  be  in  general 
two  jiointfi  related  to  each  other  as  //  and  h'.  Now  it  is  e>ndcnt 
Uiat  rays  which  meet  on  the  one  point  proceed  as  if  they  canit*  from 


Kio.  rto. 


the  other,  and  therefore  1he  one  point  is  the  image  of  the  other. 
They  are  coiyngatc  points,  and  consequently  the  planes  perpendicular 
to  the  axis  on  which  they  lie  are  alsit  conjugate.  AR  and  /j'H'  are 
sections  of  tho-se  ]jlanes,  and  are  called  thi^  priiw-lj/al  pfanm  of  the 
system  of  surfaces ;  h\\  having  reference  to  the  myg  coitnng  from  the 
first  medium,  is  cal]e<l  the  fird  jmnripai  planp^  and  A'H'  liuving 
reference  to  the  direction  of  corresponding  rays  in  th(^  last  medium, 
the  sfirofui  jmnrijKil  plane.  They  possess  the  same  property  as  tho 
one  principal  plane  in  tho  case  of  a  single  refracting  surfaw,  viz., 
tlmt  object  and  image  are  the  same  size.  {In  the  Fig.  /ill  is  the 
imago  of  h'\\\  (md  A'H'  is  the  image  of  All,  and  further,  hW  —  h'W.) 
The  jtoints  where  these  plancfl  cut  the  axis  II,  It'  arc  the  jirincipal 
points,  and  a>i  in  the  case  of  one  Rurface  the  focal  diylances  weiv 
measured  from  the  princijial  ]ioint,  so  for  any  system  of  centred 
Burfiices  they  are  moosured  from  the  two  princiiml  points — the  first 
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from  the  Hret,  ami  tlio  accoiul  from  tlie  secMml.  In  the  figure  the  idal 
course  of  two  rays  from  either  focus  is  represuntcd  in  the  owe  of 
surfaces,  fr^im  which  it  is  seen  tlmt  their  ilirectiuii  aft«r  refnctirjii 
given  by  pnjlonping  them  till  they  meet  the  first  prineifial  pW 
then  dra^^^Ilg  them  parallel  t<>  the  axis,  as  if  they  aime  fn<m  joiinUn 
the  seconil  priiiciiml  plane,  e«|u id isUiiit  from  the  axis  with  tlir  ((•uit* 
to  which  they  are  directeJ  on  tlie  first,  ANTien  we  know  the  jxwflkn 
of  the  principal  planer  for  any  system  r)f  surfaces,  and  the  load 
(listancoa  moasnre<l  from  them,  we  may  easily  tind  the  pnsitinn  oli 
point  conjugate  to  any  other  hy  a  construction  which  is  nmibtf  toty 
of  Fig.  129. 

From  the  point  P  (Fig.  131),  draw  PQ  parallel  with  ibeUMXT 
and  PR,  passing  through  the  anterior  princiixd  focus  F.  PtJ,  tftn 
refraction,  passes  then  through  F,  and  as  if  it  came  from  Q"  I'fi 
again  proceeds  from  R'  parallel  with  the  axis ;  the  image  of  P  niu* 
lie  on  both  these  rays,  and  therefore  at  T*',  where  they  meet  \vm 
the  figure 

FH    im        Fir     Q'H' 
Wl     KQ'        PR'     g'K' 

putting  /  and  f  for  FH  and   FH",  aiwl  u  and  r  for  PQ  an<l 
and  rememlK^ring  that  RQ  =  R'Q',   we   get   by  addition  -+-* 

■       r 

or  the  same  fomiulii  as  for  a  single  surface.  From  P  andFilw 
perpendiculars  on  the  axis  ;  P'X' is  then  the  image  of  PX.  au'l  fr"2> 
the  tigura  we  «ee  that  as  RH  =  P'X' 

FX'       /      t^ 

or  adding  uumcrators  and  divisors  togctlier 

oJi^u  +  {f-f)     ....    e„.) 
/,„    v-(f-f)      ■         ■    ■         ) 

This  is  very  similar  to  6),/'-/8tantling  for  R,  and  if  we  iiiiiiBW 
along  the  axis,  from  the  first  and  second  principal  poinU  reepertiwWt 
two  lines  equal  to/"  -/,  we  get  the  two  uotlal  jmutiIji  X  and  N',  whick 
correspond  to  the  one  nodal  [wint  of  a  single  surfac^i.  Tb«e  t» 
evidently  separated  by  the  same  distance  which  scparttes  the  trn 
principal  points.  The  one  nodal  point,  too,  is  the  image  d  ibeatiKr, 
for  the  equfttinii  for  conjugate  |Hjiat8  is  satisfied  when  for  »  we  l<ol 
-  N  =  -  Cr  -/)  and  for  /•,  X  =  (f  "A  '•^•— 

_/+/'  =  ! 

In  Fig.  131  we  see  that  na  from  6a.)  .^  =  ^  and  XN  is  in  ti« 
same  line  with  X'N',  and  PX  is  parallel  with  FX',  the  triangles  YSS 
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and  FX'N'  are  similar,  and  P  and  F  are  any  pair  of  conjugate  points. 
The  nodal  points  are  so  situated  then  that  rays  which  before  refraction 
art  directed  towards  the  firstf  appear  after  refraction  as  if  they  came 
from  the  seeondy  and  have  a  direction  parallel  to  their  original  one. 

There  is  an  important  relation  between  the  focal  distances  for  any 
system  of  re&acting  surfaces  which  have  a  common  axis,  viz.,  whatever 
be  Hie  number  of  refracting  media,  the  focal  distances  {measured  from 
the  principal  points)  are  to  each  other  as  the  index  of  refraction  of  the 
first  medium  is  to  thai  of  the  last.  This  theorem  may  be  proved  in  a 
number  of  ways.  The  following  proof  is  based  on  the  relation  existing 
between  the  angles  of  deviation  of  an  incident  and  refracted  ray. 
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In  Fig.  128  we  have  HA  =  u  tan  a=  -v  tan  a  and  from  1  b) 
V  (tt  +  R)  =  /A«(t'-R) 

v-H     V 


_fi  tan  a' 
tan  a 


t.€.,— 


obj  _  fjL  tan  a 
im         tan  a 


Now  if  there  are  n  media,  and  we  call  the  index  of  refraction  of  the 
first  /io  and  of  the  last  fj^  and  the  size  of  the  first  object  0,  that  of  its 
successive  images  O^Og  ...  On  we  should  have 

fiO  tan  a  =  /ijOi  tan  a^ 
as/ijOj  tan  ttg 


=  /^0„tana, 


(Helmholtz,  Phys.  Opt.,  page  75.) 
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Again,  from  Fig.  131  wo  see  that : — 

O  :0„-/:X'K' 
/.  p^f  tau  a  =  /iB  X'F  tan  a, 

"WTieu  X  moves  up  to  F,  /  =  HR  s=/  ton  u,  in  which  ca«e 

/!„/  Un  a  =^/ tan  a 
or 


111  the  caso  of  a  glass  or  other  lens  iu  air,  the  two  foca]  distuMt » 
the  ftnme,  and  cuiustMiuently  the  noilal  jioints  coincide  with  theprinofil 
)»oint«.  For  the  lenses  (hiconvex  and  biconcave)  in  general  usRlk* 
|)riaci|>al  plinu*^;  lie  within  thi?  leiia,  ao  that  the  intenol  e^pancoi^ 
them  is  le^  Uum  the  tliiokness  of  the  lens.     Tliey  may  couh'<iufaUy 


Fio.  132. 

1k!  Inokftl  TiiJini  fm*  most  practical  purposes  as  c/>iiioiding  with  ice 
vertical  line  wliith  divides  the  lens  int«)  two  similar  halvoK  the  n-^U 
points  being  nlso  merged  into  one  ut  the  jMiiiit  wheiv  the  line  culfc  ths 
iL\:i3. — See  Fig.  132, 

There  is  a  very  considerohle  difference  in  the  position  uf  ih* 
cardinal  iH:dnts  in  different  eyes.  They  alsi3  differ,  of  course,  ftoftjfding 
to  thu  sUiLe  of  acenmmwiatiou  of  the  eye.  HelniliolU'*  most  nsctirt 
meiwinrenit'iita  ami  calcidatiims  give  the  ff»llowing  average  vahirs  %t 
the  eye  at  rest — -anterior  focal  disUaice  (/)  15'49S  miliimetitts,  i»>*l*r>< 
focal  distance  (/')  20'713  millimetres.  Firet  principal  jkuuI  (H|= 
1*753  millimetres  behind  surface  of  cornea — second  priiid|j(il  Y^ 
(H')  =  2106  millimetres  Indiind  surface  of  coraea^firet  no.!al  jioiDl 
(N')  =  6-9CS  iiiilhinetres,  and  second  nodal  jwint  (X')  =  7'321  milli- 
metres Ijehiml  surface  of  cornea.  On  the  assumjition  of  /i  full  utt-oni- 
modative  change,  by  which  the  rjidius  of  curvature  of  the  anti;Tie» 
surface  <A  the  lens  is  altered  fmiii  10  millimetre's  \/\  6  millimetr<s  ^^ 
t>f  tlie  poHterior  Hurfuce  fnnn  6  millinietres  to  5*G,  and  tlie  thiekiie**of 
the  lens  inci^eascd  fi*om  3'6  to  4  millimetres,  so  that  its  aiiterior  iurf*re 
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tf  nnproximatcd  by  0*4  miUiniPtrrw  to  the  cornen,  the  respective  vjtluca 
of  th*rs*>  qiiaiititie»i  iirc  fhiiiij^f*!  to  tho  ftdlowin^: — 

/«=  13-99  luiUiiin'trfM, /  =  18-692  niilliiui'tiv!*,  H  fn>ni  c*trnea  = 
1-858  HnllinH'tn'>s  H'  fmm  n)riu*u  =  2-257  milliiiiotivs,  N  from  cornuu 
=  6"566  xmllinK'tri's,  N'  fnuii  conieii  =  6*965  niillimotn'H. 

From  tliL'sc  figures  it  will  be  »ecu  tliut  tliu  intc'rv;il  U'twei'ii  th« 
tint  anil  sccouil  ]>nnciiMU  ]h:>uiUi  ami  lM>tw(M?u  the  Hrnt  ami  riccotul 
nfMliil  [Mtints  is  vcn'  Hniall,  0*353  millimetres  for  the  uimeAiummmliittitl, 
anil  0*399  millimetres  fur  the  accommcHhiU'd  eye.  The  average  niiliu.s 
of  curvature  uf  tlie  rnmea  wuh  taken  at  7*829,  »<>  that  in  the  t-ye  at 
Tw»l  ihif  seroml  notial  |)oint  (tJie  mo»t  ini|H:irtjmt  on  ai-connt  of  the 
influrnee  of  it»*  jKifiitiuii  on  tlie  nizo  uf  the  retinal  imaj^es)  lie^  vury 
nearly  i  millimetre  in  front  i)f  tlie  centre  of  rurvatiirc  of  the  cornea, 
whili^t  in  the  iiccounutxiated  eye  it  advitnt-es  so  as  aliui»st  to  LX>inci(]e 
with  the  first  nmlal  ix^int  of  the  eye  at  rest. 

When  j;liv*«es  are  ]ilAee<l  in  fri>nt  of  the  eye,  we  Imve  to  do  with  a 


Flo.  133.— (From  Udlmholts.) 


combinntion  of  two  systems  of  centen?<l  rufmi'.ting  surfacea,  luid  nnwl 
kiU'W  what  is  tho  difference  in  the  |yiftition  of  the  canlinal  jxiints  of 
tlie  I'ye  alone  and  thi.ise  of  the  sy«t4'm  euniimtsed  of  eye  luid  lens,  in 
itnh-r  to  nn»lerhtiuid  riglitly  their  effect  on  tlie  -tize^  of  tho  images 
formed  on  the  retina. 

Hflmhtiltz  hftH  ]j:ivpn  the  fnUnwinj^  simple  methorl  of  nmihining 
two  hyntoiinj  whew  ennlinal  jKiints  and  the  ilistance  intervening'  lictworn 
any  two  c/inlinal  [M>int^  \\\.  the  two  v-<yst4.'m9  an'  known.  In  Fi>;.  133, 
Hj  H'l  are  the  prineiiwd  [►oints  of  the  first  (ivstem  and  ll^  and  ll'^ 
thfxtu  of  th»*  stvond  system.  Let  the  distance  int<Tvpnin«^  iM^twern 
till*  second  principal  point  of  the  first  system  and  tho  first  priiicijiol 
|«jint  of  thh  ftc'cond  Byistem  be  di-noted  by  D,  i.a, 

H',H,  =  D, 

/  and  f  are  the  focal  ilistances  of  the  first,  <^  and  ^  thow?  of  the 
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mHM>ii(l  Bysteni,  F  anil  K  those  again  of  the  combined  mtems.  Tbe 
unU'rior  focus  of  the  combined  systems  is  evidently  the  ima^  t« 
Tcfniotion  through  the  first  system  of  rays  proceeding  from  the  aDteiiv 
fix'ns  of  the  second  s^'stem.     Putting  then 

P  -  ^  for  r,  in  the  equation  /  +  J-  —  1 

Siiniliirlv 

(D-/)    ^ 

Tlio  first  condition  for  the  principal  points  is  that  th^y  should  V  la 
tho  n>lation  of  object  to  image.  They  must  consequently  t«e  the  jmsL;^^ 
);iven  by  each  systf'm  of  some  other  point.  Let  P  be  tba:  i»)^i  i^ 
I'  and  V  its  images  after  refraction  through  the  first  ac-1  s^^i 
systems  n?s}iectiTely.  In  order  that  U  and  V  shall  i#  zta  z-rnavi 
)H>int<s  they  must  satisfy  the  further  coQ*liaoa  tLu  i=iajs  3  li* 
I*eqvndicular  planes,  throu^  these  points  shall  be  *ty:jL  in  sff  »a:i 
similarly  dirwted.  Putting  S  for  the  ima^  a:  P.  O  iZfi  •>  frti* 
imagi^s  at  U  and  Y,  j'  =  H*|P  and  y  =  H^P 
vrc  have 

o    r 


...n-l 
T  ■  :*..iv- 

0          o 

;  0  =  0  n>^  u::;s:  h.i'.>^ 

•3 

'  ~ 

/'  -  ^      -0  -  _/ 

£-■- 

A^-  :-. 
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the  distances  respectively  of  the  first  principal  plane  of  the  combined 
system  from  the  first  principal  plane  of  the  first  system,  and  of  the 
second  principal  plane  of  the  combined  system  from  the  second  prin- 
cipal plane  of  the  second  system,  have  the  following  values : — 


7»'  = 


7.) 


For  F  and  F  we  have 

F  =  H,F 


<!>+/ 
^f 


F'  =  H',F-A'=.^^^ 


^1 


8.) 


In  the  problems  connected  with  the  eye,  the  first  system  is  a  lens  in 
front  of  the  eye  surrounded  by  air,  and  therefore /=/'.  In  this  case 
the  values  of  hK^  F  and  F  are  further  simplified,  an<l  we  have 


V  = 
F  = 
F  = 


D/ 


8a.) 


If  the  lens  be  placed  in  front  of  the  eye  at  such  a  distance  from  its 
first  principal  plane  as  to  make  I>  =  *l>,  then 


/ 

F  =  <^andF  =  <^'. 


V  = 


Tlie  first  principal  plane  remains  then  unaltered  in  iK)sition,  wliilst 
the  seconil  is  moved  to  an  extent  depending  on  one  variable  only,  viz., 
the  focus  of  the  lens  in  front  of  the  eye,  and  backwards  or  for^vards, 
according  as  that  is  negative  or  positive.  As  the  distance  of  the  fimt 
nodal  point  from  the  first  principal  plane,  and  of  the  second  from  the 
second  princii)al  plane  is  equal  to  the  difierence  between  the  two  focal 
lengtlis,  it  follows  that  when  J)  —  <t>  the  first  nodal  i>oint,  too,  remains 
unaltereil  in  position,  and  the  second  is  moved  to  the  same  extent  as 
the  second  principal  plane. 
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WkcTt  the  Ginetropin  is  axial  {ivhich,  ait  ira*  fird  sJnin  tj 
JDondcrs,  is  mo^  fnqucnily  t)u  cnse)  the  degree  of  eiot^tw%  a^ 
nJwrtaiint/  of  the  aaicro-posterior  oj.is  of  the  eye  w  Oiuai  m lAt^ 
io  ike  (dta-fttion  in  the  posiHon  of  the  seeond  iiodal  pmnt  tf  iM 
correciinij  lejis  be  placed  tti  the  anttri&r  focal  poitU  of  Uu  rt/c 

This  theoi'pm  is  proved  in  the  following  way :    If  ^  au']  *  t» 
tlie  anU'iior  and  [wstorior  focal  ilistaiicea  of  the  eye,  we  may  e\jjrv>*ii(» 
rt'Intioii  betwoon  the  cmjugiite  foci  u  and  c,  wliich  repirtscr!    '-*- 
tivcly  the  diHUince  of  an  ohject  fnuu  the.  tirat  i>rinri|Mil  jiln 
image  on  the  retinii,  and  thei-t^fore  tlio  ibHlAiice  of  the  retiiw  u- 
the  second  jirinoijwil  [ilane  of  the  eye,  hy  the  formula  5  fi. 

Now  when  the  lens  cont>oting  Uie  ametropia  is  at  the  anterior  W 
|Kiiut  of  the  eye,  ita  focal  distance /may  be  put  lor  u  -^  in  the«l*w 
eq^uation,  which  then  becomes 


p  — 9  = 


/ 


The  distance  from  the  second  princij»al  foous  of  the  eye  to  tht*  iriitt 
varies  tlicrcforo  indirectly  as  f,  \i  we  take /at  1  metrv,  weiwvett 
the  axial  elongation  or  sliortening,  producing  a  myopia  or  brj* 
metropia  of  the  extent  ct.irretted  by  n  minus  or  \A\\»  len^  of  1  Ji<l<R 
(talking  Helmhultz's  values  of  »/>  mid  ^\ 

15-498  x  20713     .  .. 
^ 1000 -0-32  mm. 

From  this  we  see  whiit  a  companitively  trifling  change  in  w 
leiiyth  of  the  ej'e  is  sutHcieut  U}  give  rise  U/  a  consideraW©  d^fiW* 
anictroi>ia.  A  deviation  in  either  direction,  for  infitance,  to  the  exVfM 
of  the  breadth  of  a  sliilling  would  require,  for  the  correction  of  tiw 
abnormality  in  refraction  which  it  would  produce,  a  lens  of  wtb*' 
more  than  3  dioptres  if  placed  about  14  millimetr6«  from  the  ainu»> 

WlhfM  an  ft^^ifti  ametropiet.  is  corrected  hy  a  lens  placed  at  ^ 
anterior  focus  of  the  eye,  the  retinal  imager  whidi  it  rteejtusri 
the  same  sizr.  as  if  the  eye  were  emmetropic 

Tliis  is  eviilent  fi'om  the  fact  that  the  «?cond  nodal  jwint 
coiiil>iued  system  of  lens  and  eye  lie;j  just  as  fjir  in  front  of  or 
that  of  tlip  eye,  as  the  ametropic  ivtina  liea  in  front  of  or  hehiad  tb* 
position  it  slioiUd  occupy  to  coincide  with  the  principal  focufiof  tW 
dioptric  media  of  the  eye. 

Ifiinierous  measurements  of  the  curvature  of  the  comua  in  ct9»<»^ 
ametropia  have  sho^vn  that  although  the  highest  degrees  of  mropi* 
and  liypeTiiielro])ia  are  often  associates!  with  respectively 
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iter  redins  of  nirvature  of  the  eorneA,  still  there  nppejitx  oft  a  nile 
ther  to  be  a  ten*i*?ncy  on  the  jwrt  of  the  corneal  curvature  towanU  a 
rorn»ctioii  of  the  axial  abnormality. 

\Vl»t?u  tilt'  mm'Otiiiji;  lent*  is  placed  at  a  greater  difltanee  than  on 
ibe  aierage  13-14  millinietres  in  frutit  of  the  eye,  the  oiirreajxjuding 
ariiil  elongation  is  less,  ami  the  oorrpsiKinding  axial  shmtoning  greater 
lluui  \\\\vn  jilaceii  in  that  position  (t'.i?.,  the  imtcrior  focal  jH:»int  of  the 
©yp).  Conversely,  when  the  corrneting  lens  is  ]»lace«i  nt  a  shorter 
dititaneo  from  the  eye  tlian  13-14  nnllimetres,  the  corresponding  axial 
Won^tion  is  greaUT  and  the  ahortejiing  less  than  when  it  occupies 
that  j»o»iti<»n.     In  other  words — 

An  axial  myopia  rcq^uires  a  9tr<ynger  lens  for  Us  correction  the 
further  the  lens  is  placed  from  the  eye  ;  an  axial  hypermetropia, 
071  tlie  other  hand,  a  weaker  one. 

To  see  that  this  is  the  case,  we  havo  oiUy  to  make  D  greater  or  less 
than  <^  whrn  we  get  u  -  i>  greater  than /for  a  jmsitive  gla-s^,  between 
tlie  eye  and  iU  anl^rinr  fwiis,  and  for  a  negntive  glass  farther  from  the 
eye  thiin  its  anterior  focus;  whilst  u  -  4*^  le.-w  than/,  would  stand  for 
a  [Kisiitivi'  glass  farther  from  the  eye  than  its  anterior  foe»n«,  and  for  a 
nfjpitive  glass  U'tweeu  the  eye  and  that  lH>int.  If  j;  Ik;  \tut  for  the 
ilitTerence  Iwtween  /  and  m  -  <^,  we  have  in  the  first  case — 

I  J' 
v  —  (j>—  4-^.  and  for  the  second 


V-  tfi  = 


f+x' 


Ofder  to  S4H^  what  change  takes  place  in  the  positions  of  the  cnrtliual 
{ny\n\B  when  tlio  interval  l)etweeu  the  glass  and  the  eye  is  increased 
raort*  jind  moi-e  frtira  D  =  </i,  we  may,  as  alwve,  put  I)  =  <^  +  x,  x  stand- 
ing for  the  variable  increase.  Putting  this  value  fi:ir  D  in  the  pxjires- 
Mon  for  K  and  F'  in  8a),  wc  got — 


F- 


f'^ 
F 


and 


/ 


*'    /- 


and     ^  =  |.. 

Tlwt  b,  the  focal  distances  of  the  combiue^l  system  arc  greater  when 
a  convex  glass  is  further  from  the  eye  than  it«  anterior  focus,  or  a 
I'nncave  nearer  than  its  ant<^*rior  fo<uis,  aiul  lesvs  when  a  concave  lens 
is  further  from,  aud  a  convex  Icus  nearer,  the  eye  than  that  distance. 
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AIho  llu*  (listAUce  *>f  the  mxloi  jwinte  =(F-F),  fn>iu  ik' 
]K>iutB  is  git-ater  or  luss  uiultr  tiic  sniiie  cirviimsluncw*.     JVgiun, 
the  same  value  for  1)  in  the  expression  for  h  and  V  in  &n  we  get* 

nJ±^    and 

N<nv  whon  /  :s  nogutivc  the  alwve  viJiie   for  /*   i' 


though 


.IJy 


itlv   the   lirst 


udvunccs  M»  u  i^uictive  Ions  its  withilmwn  fn.nu  the  eve. 
|Hjsitivi>,  the  value  for  h  is  also  uicreusod,  antl  mur<?  rajiidJy  u 
llial  tho  hivt  priucipiil  jK>iut  rt'cedes  more  and  more  th«  furtiiw » 
<'onvex  lens  is  Anthdrawn  from  tlie  i>ye.     Again,  when/iii  Ut^iliTt,^ 
is  positive,  iiml  intTeascs  with  jc  :  therefore,  the  further  u  (wncate^ 
is  in  front  of  thf  eyo,  the  Tnore  does  tlie  second  princi|iid  ptiint  of  tkr 
syst<^nl  reeeiie  from  the  jMisition  occupied  by  the  same  point  tntitf 
eye.     When/  is  jwsitive  h'  is  negative,  and  increaaes  with  x :  ihofr 
fore,  the.  fuither  a  convex  glass  is  held  from  thi^  f'yc  th«  mort  *l"« 
the  second  principal  point  of  tlie  system  of  eye  and  lens  adv&or*  fem 
that  occupieti  l)y  the.  rtjinie  point  for  the  eye  al(jne.     A»  the  disbuu 
from  the  fii-st  [mnoipal  jxiint  to  tlie  first  ntKhU  ]M>int  —  F'  -  F,  awl  thi* 
in  the  cjise  of  a  cont'iive  gl'iH--^,  fnrthi-r  from  tlie  eye  Uian  its  AOlentir 
focid  dist^mce,  is  less  than  4^'  -  4>i  it  follows  that  the  first,  ncilal  p'ial 
iiUn  (uivmices  more  and  more  and  to  a  greater  ext**nt  than  the  ti»i 
firiinnpid  [Kiint,  wlieJi  a  concave  lens  is  i'eniove<l  from  the  eye.    TW 
Kticoml  niHial  puint,  wliicJi  lies  ut  tlie  name  distance  K  -  F  ir^ya  tlw 
secfind  principal  point,  rcceilefl  more  and  more,  though  to  a  lesfXJfWl 
than  the  eecond  ]>nncipal  |>oint  as  a  concave  lens  is  vithtlnvu  frva 
the  eye.     Tliis  is  evident,  as  although  F' -  F  is  le^  than  ^' -  ^  tb 

value,   v^      ^'I  when /is  negative,  does  not  ilimiuLsh  su  npidlr  irith 


the  iucrease  of  x,  as  the  value  of  /*',  viz., 

Again,  \i\\ii\\  f  is  positive,  F  -  F  is  great«»r  tlian  <^*  -  ^  mtLcij  thf 
convex  lens  is  further  from  the  eye  than  its  anterior  fc»ciil  poiut ;  ibm- 
fore,  a^  tliis  jMisilion  of  tho  lens  causeit  the  anterior  priiici|«d  (wiiU  w 
recede,  it  foUows  that  the  anterior  nodal  jwint  recerlcs  still  furthft. 
Tlie  second  nodal  i)oint  advances,  though  not  so  far  as  the  sco'wi 
principal  point,  as  there  is  the  same  distance  between  tho  two  D'jiiii 
(»oints  iw  between  the  two  principal  |>oint8.  This  is  evid*>ntt  loo,  tniB 
tln'  above  expression  for  K  iucrcaaiug  more 
F  -  F. 

Whtn  iht  ametropia  U  corrected  hy  a  glas$  sUuaied /urihrt « 
front  of  the  eye  than  its  anterioi'  focal  poiiU,  tkr.  imaye  nrnW 
ofi  the  rciiiia  of  ike  rye  tU  rest  u  smaller  in  the  case  of  mifirpfl^ 
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PH^t'^vva/t.T'  in  Du  case  of  hypermHropia,  than  thai  tohich  %caiM 
5e  received  hy  an  emmetropic  eye  umkr  the  mnu  ctrnditmia 
'^irithout  ti  fjhss.  Th4^  opposite  w  the  cij-sc  if  the  eorrecting  glass  is 
J>iita'tl  nearer  the  eye  tluin  its  anterior  f\)c<xl  point. 

Tliis  may  be  sliown  as  follows : — The  di.stauc«  from   tlio  second 
c&odal  point  N'  to  the  spcontl  princi|>ii]  focus  F  (Iho  retina  in  tho  case 

of    corrected   ametropia)  =  F' -  (F  -  F)  =  F=  -?-—.       Ah    tin-    fxal 

distance   (/)  of    the    glass   to  correct  the   ftiiK'ti*<j|iin   increases   or 
•lecreases  to  the  Riimt?  ammint  a.s  x,  the  ik<ii<iiiiiimtor  of  this  exjiression 
£or  F  always  remains  the  naiiK^  whilst  tiir  luiiiRTiitor  v  varies  with  yi 
Uow  we  have  seen  (1.)  that  the  correttitig  ;»lii8s  fur  myopia  ih  ntrnnger 
and   therefore  /  less,   the  cnrree.ting  ghuw  for  hy|>eriuetropiii,  on  tho 
other  hand,  weal*er,  and  therefore /^(reater  the  fnrtlier  it  is  from  the 
eye  ;  (2.)  that  when  the  correcting  glass  is  at  the  anterior  focal  point 
of  the  eye  the  distance  between  the  second  nodal  point  and  the  retina 
is  the  (Hinie  as  in   tlie   case   of   emmetropia ;   F,    however,   be<'omes 
smaller  vnlXif,  tliat  is,  with   the  intTe^iae  in  Mrength  of  the  di»»ptre 
lens  used  for  correction  ;  therefore  the  distance  from  the  second  ntwlal 
point  to  the  relinu  Iwcoines  lesis  the  sti*onger  tiie  correcting  lena,  and 
it  is  le-sA  for  correction  with  a  concave  gliws  in  front  of  the  anterior 
futmst  (1   the  eye,   and   for  a  convex   one  between  the  eye  and  its 
anti'rior  focus  than   in  an  emmetropic  \'yi}  of  eipial  refriicting  jH)wer. 
F,  on  the  tether  han<l,  incri'ases  with /I  that  is,  with  the  diminution  in 
the  strength  of  the  correcting  lens  ;  therefore  the  distance  Ix^tween  tlio 
second  nmial  point  and  the  retina  is  greater  the  weaker  the  correcting 
lena,  and  is  greater  for  correction  with  a  concave  gUiM8  nearer  the 
eye  than   it«  anterior  focal   jwint,   and   ^Wth   a  convex  lens  placed 
beyond  that  point,  than  in  the  case  of  a  correii|»nnding  emmetropia. 
But  we  have  seeji  tliat  tlie  sizes  of  tlui  retinal  iniagca  are  larger  the 
furtliiT  the  correcting  convex  glass  is  from  the  eye,  or  the  nearer  the 
correcting  concave  glass,   and  riee  versa.     Ah  an  example,  Uike  thi"! 
correction  of  an  ametrojjia  hy  a  lens  of  1 2  D.     This  will  corre«i>ouil  for 
correction  at  anterior  focus  to  an  axial  change  of  .'i*84  niiUimetres,  and 
in  the  case  of  myopia  will  also  Ix*  coiTccted  hy  a  -  130  I)  lens,  6*4 
milliiuetres  in  front  (tf,  or  a    —  ll'O  1)  h-ns,  7'6  millimetres  lx»hind 
the  anterior  focal   iKriiit  of  the  eye.      In   tlie  viXAv.  of  liyiH'rnietroiua, 
again,   tlie  correction  is  also  effected    by    4- 11*0  D  lens,  7*6  milli- 
metres in  front  of,  and   a    +130  JJ  lens,  64  millimetr*^  iMdiijul  the 
anterior  of  tho  eye.     In  Ik>11i  cases  we  have  fur  correction  by  a  12*0 

D  lens,  F=15-5;  by  a  130  D,  F=  ^^'^3.3^  ^=^  1431 ;   by  an   110 

1  *S  *i)  y  90  'd 
\)   Y  -  ~~~u\:i —  "  16*91,  the  reliitive  sizej*  of  the  images  l>eing — 

for  correction  \nth  120 — 1. 
^^^  „  „     13-0^0-9168. 

^^^  U'O— 1-091. 
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A  CCOMMODA  TION. 


Tftc  position  of  the  crysiallinc  U)i4  in  ike  <ytf  ha»  an  ni/tvaff 
on  fitr  refraction  of  tkc  eye.     Thvs^  if  iJitre  hax  Ik^ti 
twitu'ttvpia,  (in  aAlvanrt  of  the  Irm  produuA  myopia,  a 
hypermetropia. 


this 


llv   to 


wbftt 


be  ili 


notice 

increasing  1),  put  fur  the  intcrvnl  Ijetwecn  the  a\tex  of  the  ■ 
llu'  lir.st  principal  jK^int  of  thr  Ws  iu  the  fonnulse  for  the  \^.    - 
iiiul  ¥'.     Art  D  incri'Oiieri  lM>tli  F'  and  h'  incnjase,  but  F*  iii"r>  :    ,i 
tliun  // ,*  ronsequeiitly  tlic*  sin-nnd   fm-jil   ilLstjmcp  of  the  eyo  im^itPtf 
with  IJ.     If  for  one  value  of  D  (usuiiily  about  6  miUimetn^'i  '^Ji-  -u 
ia  eminetii^pie  for  n  greater  vnluti,  the  return  Hp,**  in  fnmi  nf 

or  the  eye  is  hyi>ermetroi)ic,  while  fur  a  less  ralne  it  lii^s  \»\ -. 

focus,  and  the  eye  is  conse(|nently  myopic.  A  change  of  1««  ibo 
J  milliuiotro  in  the  fKiaition  of  the  lens  is  sufficient  t*i  caiia?  is 
ametropia  of  1  P. 

We  hav«  seen  tliat  apherieal  lenses  have  the  effe^'t  of  altering  tiie 
iKJsition  uf  tlie  mnge  of  occouiniodatioti.  They  also  p^>luce  •<?l*np 
in  the  aetiuil  offeetive  amount  of  that  range.  Coucnve  glus^s  iikT»» 
and  convex  diminish  the  effective  mnge  of  accummodali'^n-  Mrof«« 
have  therefore  a  curtain  advantage  over  othen*  in  n?a}»«'t  of  twoawh 
datitin,  (IS  not  only  have  they  a  cloR4^r  near  jwint  without  wrtMtina. 
aud  a  i*uitahln  fur  point  with  correL-Uun,  hut  tlieir  eift'<-live  ran*-  i 
m-commoihition  is  inrreaaed  by  the  glass  which  they  wear  for  tiir  m- 
provement  of  their  diwtant  vision,  Hy|»emieti*»>pic  iniliviiiuuU,  ODtb* 
other  hauil,  have  the  double  disadvantage  of  a  frequently  totMli*UBl 
near  jwint  without  correction,  and  a  curtailment  of  the  nxi'^  d 
nceommiHlation  with  corpectitm. 

Tlie  inHuenoe  of  sjihoncal  correctiDg  lensea  on  the  acootamotlatin 
mnge  (A)  may  be  hIiowu  iu  the  following  way  : — Tin*  mldili'tn  totb 
refnictivo  power,  which  t(ik<'s  phu*e  Viy  the  alteration  of  the  'UTvatur? 
of  the  lens,  may,  ns  Nagel  has  shown,  be  most  ctmvenienily  I<ioknl 
upon  as  producing  the  nam*?  effect  as  a  thin  lens  of  the  poT»t*r  A 
situated  at  the  first  princijjol  p*>int  of  the  eye.  We  liave  swn  tliii 
N—  F  =  A,  i.e.,  the  diilerence  lietwecn  the  dioptric  value  uf  the  !*"»*. 
wld<:h  at  the  tirat  priiioiiwil  i>oint  of  the  eye  htis  its  f<K'ix8  eijual  U>  thn 
diyUmre  of  the  near  point  (meaduitjil  fr^>m  tlie  prineipol  iwml)»  uvt 
the  dioptric  value  of  tlmt  which  in  the  same  situation  convspomhui 
fix-al  value  to  tlie  tlisUince  of  tl»e  far  point,  is  et-juttl  to  tlie  aowmflvv 
dittivo  change.  This  difference,  therefore,  represents  the  ran^  ff 
accommodation,  ^'ow  let  tis  imagine  the  lens  correcting  iin  wuftrc^* 
U>  In*  tiituated  alsti  in  the  first  princijKd  plane ;  it  is  ohviou*  that  lit* 
far  point  K-fitre  and  after  correction  will  be  conjiig.ite  jkudU  vitt 
r»*s])ect  to  tUis  imagined  lens.  If  we  call  the  dioi»tnc  valui*  of  tb* 
first  F,  and  of  the  second  F,  and  the  value  of  the  lens  L,  we  \ut* 
therefore 

F-F-L      .  .      a) 

Liosmuch,  however,  as  it  is  of  course  imijossible  to  give  the  corweliu? 
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leou  this  position,  we  may  call  the  value  of  the  correcting  lens  in  front 
odE  the  eye  11.  (This,  we  have  seen,  is  greater  in  rayoijia  and  less  in 
l^ypennetropia.)  The  distances  of  the  near  point  from  this  lens  before 
&nd  after  correction  are  conjugate  points  with  respect  to  it.  If  we  call 
^liese,  as  represented  by  their  dioptric  values,  X  and  X',  we  have 

X'-X  =  L'     .     .     .     ^) 

cmbtracting  o  from  /3  we  get 

(X'-F)  =  (X-F)  +  (L'-L). 

^ow  putting  y  and  N'  for  the  distances  of  the  near  point  fi-om  the 
principal  point  of  the  eye  before  and  after  refraction  through  L' : — 

(X'  -  F>  =  (N'  -  F)  +  (X'  -  N')  =  A'  +  (X'  -  N') 
and  (X-F)-(N-F)  +  (X-X)-A  +  (X-N) 

.-.  A'  =  A  +  (U  -  L)  +  (X  -  X')  +  (N'  -  N)  and 
X~X'=  -L'. 

"When  L  fully  corrects  the  ametropia — 

L  =  F/.  A'  =  N'. 

For  the  correction  of  myopia  L  is  negative  and  (N'  -  N)  negative,  but 
less  than  L.  Consequently  in  myopia  A'  is  greutt^r  than  A.  For  the 
correction  of  hypermetropia  L  and  N'  -  N  are  iMjsitive,  Init  L  greater 
than  (N'-N).  Consequently  in  hy{)enuetropia  A'  is  less  than  A. 
As  y  -  N  does  not  increase  so  rapidly  as  L,  the  increase  or  diminution 
in  the  range  of  accommodation  increases  witli  tlic  strengtli  of  the  lens 
used.  As  examples  take  the  cases  of  5  D  of  myopia,  or  hypermetroi)ia 
with  10  D  range  of  accommodation,  and  fully  corrected  by  a  lens  15 
millimetres  in  front  of  the  first  principal  |K>int  of  the  eye.  In  the 
case  of  M  =  5-0  1),  N  =  150  D  and  X  1938  D  .\  as  L'=5-405  D, 
X'  =  13-975  D,andA'  =  N'  =  Il-553  oragain  of  1-5  D.  For  H  5  0 
A'  =  N'  =  8-738  or  a  loss  of  1  -27  D. 

Again,  take  the  case  of  a  hypermetropia  6*0  D,  and  with  a  range 
of  accommodation  of  8*0  D,  partially  corrected  by  a  +3*0  D  lens,  20 
millimetres  in  front  of  the  first  princii)al  plane. 

HereL  =  3-19  D  and  A'  =  8  +  4-62-20-319-7-43  D,  or  a  loss 
of  0-57  D. 


Absolute  and  Relative  Visual  Acuity. 

We  have  seen  (p.  524)  that  where  an  axial  ametropia  is  corrected 
by  a  lens  whose  second  principal  plane  coincides  witli  the  anterior 
focal  plane  of  the  eye,  the  retinal  image  of  a  distant  object  is  tlie  same 
size  as  if  the  eye  were  emmetropic. 

In  Fig.  134,  A  and  B  are  two  rays  passing  from  tivo  extremities  of  a 
distant  object.  A  passes  through  <^,  the  anterior  focus  of  the  eye,  and 
after  meeting  the  first  principal  plane  of  the  eye  proceeds  parallel  with 
34 
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the  axis.  B  coincides  with  the  axis  itself,  a  ^  consequentlj  tepn- 
sents  the  size  of  the  retinal  image  of  the  distant  ohject.  That  the 
retinal  image  a  ^  will  be  the  same  size,  whether  the  eye  be  ts^t- 


Fio.  134. 


tropic  and  therefore  focussed  for  the  distant  object  without  any 
accommodation,  or  ametropic  and  corrected  by  a  lens  whose  seon'l 
piincipal  plane  passes  through  i^,  is  seen  in  Fig.  1 35  as  A  and  B  sutf«^r 


] 

J 

/^       X 

B 

"^^^^^^^ 

( 

^ 

Fig.  135. 

no  deflection  on  passing  through  the  h'ns  L  L,  whose  optiojil  (vnti- 
coincides  witli  <^. 

Further,  tlie  same  retinal  image  will  corresjKtnd  to  the  sanif  ;«i^l' 


A 

L 
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/ 
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Fig.  136. 


A  ^  B,  whatever  be  the  distance  of  the  object  accurately  focusstnl  in 
the  eye,  provided  tlie  dioptric  arrangement  of  the  eye  is  similur  in  ;iil 
cases  and  does  not  alter  by  accommwlation.     Thus  the  retinal  m^^ 


ABSOLUTE  AND  RELATIVE  VISUAL  ACUITY.     531 

>f  oil  object  situatod  At  the  far  point  of  an  eye  with  axial  myopia  will 
t3ie  same  aito  iis  th<i  wm^e  iu  an  ouim(.^tMj>ic  eyu  at  rest  uml 
-ueaed  hy  a  wnvex  Ions  which  corrects  for  the  same  disumce,  am! 
Ilie  same  vXtx  n]^.iiii  a^  the  inwige  uf  the  Htinie  olijevt  i>n  the  retiiui  of  iin 
axitti  liyjiermetropic  eye  correcteil  by  n  stronger  convex  lens  for  the 
«nme  iljstancf.     Tliis  is  seen  in  Fi|?,  136. 

Now,  if  wi!  lake  the  retinal  iniuj^e  a  /3  so  small  that  it  can  just  be 
ilLslii»jjiiished,  that  is  to  say  (see  Chap.  I.),  it  a  ft  l)e  the  smallest 
«listAnee  flejiarating  the  retinal  imsigea  of  two  objects  which  it  it»  jiiat 
jxwhible  to  re<:oj^»e  as  discrete,  wo  have  the  meaaure  of  tlie  abnniltUe 

As  a  j3  = '   ^.     the  absolute  visual  acuity  i»  i^ot  when  AB  is  the 

maalleHt  discernible  body  at  the  distance  B0  from  the  anterior  focus, 
fur  which  the  luiarconnuMated  eye  is  focnssed  with  or  without  a 
4XJmN:Ling  lens  at  its  anUrrior  fucus. 

Ti»  compare  the  visual  miuity  on  accommodation,  or  the  relative 


Via.  137. 


rUual  aruUfj  with  the  alutohitc,  we  have  merely  to  compare  the  sise  of 
the  object  <'nrresjw>ndij»g  to  the  smallest  retinal  image  on  accommodation 
with  that  at  tbr  name  ilitftanct*  from  the  unaccommixlated  eye,  focudsctl 
iu*ttfa<l  by  a  lens  situatiMl  at  its  anterior  focus. 

As  the  anterior  focus  of  the  ac<.'i:tmm'"late4l  eye  is  shorter,  the 
nature  of  the  <lifforenc4.*  in  shown  in  Fig.  137,  where  ^^  rcj)reaents  the 
uit^red  poBition  of  the  anteriur  ftxnis. 

From  the  figim*  it  is  seen  tliat  the  imaiJ:o  a  ft  thus  corresjwnds  to 
a  laqger  object,  and  a«  tliis  holds  good  at  the  lijuit,  the  relative  visual 
acuity  is  less  thim  the  u1>solute. 

We  nwiy,  Avithout  intnxbicing  nn  emjr  of  any  consequence,  look 
u|»on  the  accommodation  of  the  eye  a»  effected  by  a  thin  lens  (of  fwius 
f^u^  the  tlislaiice  for  wlxich  accommo<Uition  takes  plaee).  For  the 
iifw  anl<?rior  foeul  dwtance  of  the  altered  eye  we  have  from  8a.) 


F  = 


<^  +  u 


Aa  no  chimge  lakes  place  in  the  jHwition  of  the  first 


Itrincipal  {Kiint,  this  forujula   is  sutticient  to  tietermine  that  of  ^; 
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Xow,  lis  the  focal  distance  of  the  eye  is  small  compaied  Tith  tlif 
distance  for  which  accommodation  ordinarily  takes  place,  we  may  »ith 
sufficient  accuracy  look  upon  the  sizes  of  the  retinal  images  of  an  ob}«(t 
accommodated  for,  or  obtained  by,  a  lens  at  the  anterior  focus  of  the  eye 
at  rest  as  proportional  to  the  respective  distances  of  the  anterior  focos 
(see  Fig.  138).  In  the  limit,  therefore,  we  have  relative  visual  acuity 
is  to  absolute  visual  acuity  as  altered  anterior  focus  is  to  antehot  foci» 
of  eye  at  rest,  i.e., 

*"    :<^ 9.) 


as 


0  +  M 


Put  a  for  -,  which,  if  u  be  reckoned  in  metres,  represents  the  diop'Cn' 
u 

lens  of  focus  u  9),  then  becomes — 


!+«</. 


9a.) 


The  average  value  for  <^  as  given  by  Helmholtz,  is  •015498  nn^tn'. 


Fifi.  13S. 


AVc  havo,  therefore,  as  a  formula  for  calculating  the  value  of  ili- 
relative  visual  acuity  or  a  dioptre  of  accommodation — 

1 


1  + -0154980 


9)3.) 


For  4  dioptres  of  accommodation,  or  alwut  -^vhat  is  roipuMi  fr 
focussing  the  eye  for  the  reading  distance,  the  relative  visual  acuity 
(if  the  absolute  acuity  be  taken  as  unity)  would  be  '9416,  a  diffemi"' 
of  jvlMJut  6  i)er  cent,  only,  or  1^  per  cent,  for  everj-  dioptre  of  aitvn: 
modation.  This  amount,  though  hartUy  of  an}-  practical  inii)*>n.  i' 
sufficient  to  make  a  quite  appreciable  difference  in  the  apparent  siz-' 
AVe  can,  for  instjmce,  readily  distinguish  an  ecpiality  in  the  len^i "' 
objects  differing  much  Icvss  than  6  per  cent,  from  each  other. 

Gullstrand  has  liy  a  different  and  somewhat  lengthy  anfth>i^ 
arrived  at  the  sjmie  result  as  to  the  relative  visual  acuity  as  I  hitv. 
here  given.  He  has  pointed  out  that  the  onlinarj'  way  of  detiucm;: 
the  change  in  the  visual  acuity  on  accommodation  from  the  deg^f  "i 
ilisplacemeut  of  the  secon<l  nodal  point  is  wrong. 

From  the  alx)ve  it  follows  that  the  visual  acuity  of  an  miconeoU^I 
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lAjrpenuetroj)e  teaU'd  at  a  dUtance  in  tlie  ordinary  mnmier  is  less  by 

li  i>er  ceiit.   for  evi^ry  tlioptre  of  LyfKjrmtitropitt  tbtiu  his  ulwohite 

"visufll  acuity. 

lu  jiphrtkiji,  t*>o,  tixo  altftolutw  visuiil  ucuity  may  bo  Uken  iis  tbu 

ocuity  fi'uud  when  corifction  i;*  made  at  tlu'  luitcrior  forus  of  tlie  eye. 

This  is  j^rtU'r  thiin  in  the  noi*iii:d  eye  in  the  proportion  t)f  the  aphiikit! 

auitefior  fm-al  distjuiue  to  tlie  futul  di»Uuicc  uf  the  enimctntpiu  uye  of 
the  ordinary  build,  or  the  ametropic  eye  of  the  same  optical  build 
C4im*cted  at  its  lUitvrior  fcwal  ]»oLut.  The  projKirtioii  is  souietliLng  like 
23  :  15,  or  nither  more  tlian  3  :  2,  Just  an  in  liyi>erTUP.tMpia  the  acuity 
is  increase<l  the  further  tlie  correcting  lens  lies  in  front  of  the  cornea. 
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HyPERMKTROriA. 

This  is  the  most  conunou  couditiou  of  refraction,  and  is 
niure  rominon  ut  an  early  age  than  in  adult  life.  Tlie  eyes 
of  new-boni  infants  are  almost  invariably  hyperni«tro])ic'.  In 
byiMirintitropia  there  is  a  disprnportion  l>etween  tlie  length  of 
the  eye  and  the  curvature  of  the  cornea,  and  it  is  not  easy  to 
say  wlietlier  at  birth  the  hypermctropia  is  an  axial  or  cnrvative 
hyiiernietropia.  Tlie  hypermetropia,  which  persists  after  adult 
hfe  luus  lu'en  attained,  is,  however,  almost  always  axial,  and 
not  only  is  the  antero-pf»sterior  axis  abnonnally  slu^rt,  but  the 
whole  eye  is  often  smaller  than  normal.  In  the  higher  degrees, 
indeed,  thei*e  appears  to  be  a  kind  of  arrest  of  development, 
and  this  is  often  associated  with  a  defective  visual  acuity. 
The  acuity  of  vision  in  the  lower  degrees  of  hypermetropia  is 
usually  normal. 

Hypernu'.tropfs,  in  whom  tlie  defect  in  refrnction  is  not 
corrected,  are  necessarily  obliged  to  exert  more  consUmtly,  and 
to  a  greater  exttuit,  their  power  of  accommodation  tlmn  is  tlie 
case  with  emmetropea  One  consequence  of  tliis  is  that  the 
ciliary  muscle  is  imually  very  strongly  ilevelojied  in  hyper- 
metropes,  and  on  this  account  perhaps  ihe  stniin  is  less  felt  than 
it  would  be  by  an  eminetrope  suddenly  rendered  by]iermetropie. 
Nevertheless  the  condition  of  refraction  is  frequently  associated 
with  a  feeling  of  tiredness  or  puin,  mostly  refeired  to  the  Hupra- 
ciliary  region,  and  coming  on  when  tfic  eyes  have  been  used  for 
a  longer  or  sliorter  time  for  reading  or  other  work  near  at  hand. 
This  is  called  acc&ininoilativt  ii&Ouiurp'ui.  The  circumstances 
wliich  intluence  the  occurrence  and  severity  of  this  symptom  are 
— (1.)  The  degree  of  the  hypermetropia;   (2.)  the  age  of  the 
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iiulividufd;  ami  (CV)  tlte  8tHte  of  the  general  health.  Tl> 
the  degree  of  h^'pennetropia,  sd  kiiig  as  there  is  a  poffiili^..  ■ 
accomruodatlng  at  all  for  the  distance  at  wliieli  ti»»-  nbjw'i* 
engaging  attention  are  placed,  the  more  likely  is  there  Ui  '< 
asthenopia  ;  and  again,  with  the  same  degree,  trouMea  ar«mott 
frequent  the  ohler  the  imlividual,  InHyiuse  the  ninge  of  nnfyaur 
modation  diminishes  with  age.  Difficidties,  t<»o.  which  m 
overcome  without  much  etFovt  in  a  state  of  rohust  health,  give 
rise  to  a  much  more  conscious  effort  in  conditions  of  ph^iir*! 
and  mental  weakness  or  fatigue ;  consequently  accoimncKUu^* 
asthenopia  is,  ceteris  paribus,  more  frequently  comitUined  iif  m 
the  anicmic  antl  delic^ite  than  iu  the  rohust  and  active. 

When  the  range  of  accommotlation  is  much  restricted  afkt 
middle  age,  or  owing  to  paresis  of  accommodation,  the  difficulties 
of  a  hypermetrope  are  increased,  as  he  then  not  only  bat  * 
difficulty  in  seeing  distinctly  ohjects  nojir  at  hand,  but  hajiK' 
defective  vision  for  a  distance.  This  condition,  in  which  the 
hj'permetropia  is  not  corrected  by  accommodation,  is  wUol 
ahsolufr  h^'permetropia. 

There  is  often  noticeable  in  hypemietropes  an  appumit 
divergence  of  the  eyes.  This  is  due  to  the  visual  axis  of  the 
hj-permetropic  eye  passing  considerably  to  the  imier  aide  of  ih? 
optic  axis. 

In  a  large  percentage  of  cases  of  convergent  strabismui)  ther? 
ia  found  to  lie  hypermetropia.     Tl»e  cunnf^ction  Im  r 
metMpia  and  convergent  S4]uiut  is  explaine*!  in  ll 
Strahismua     Many  hyi^ermetropes  only  ix'caaionally  use  th^r 
power  of  accommodation  to  correct  tlieir  distant  vi-'  '  '  - 

do  not  constantly  keep  up  the  state  of  contractioii 
nuiscle.     They  are  in  the  habit  of  contenting  themselve*  with 
an   imperfect   image   ai  surrounding  objects,  tmless  anvthinuf 
slu»uld  Hpecially  attract  their  attention. 

Owing  to  the  tendency,  wliich  exists  in  by  far  the  grwOrrt 
proportion  of  eyes,  for  the  antero-j>08terior  axis  to  Uwnn' 
gnuhuilly  elongated  dxiring  the  period  of  giviwtlu  an  exirtiii? 
h}1>ermetropia  is  often  diminished  in  degree  or  converted  int" 
emmetropia,  and  even  myopia,  by  the  time  an  individual  hi* 
ceased  to  grow. 

The  treatment  of  h}'permetropia  consists  in  the  wearing  *^ 
convex  glasses.     The  strength  required  is  that  which  corwcW 
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the  manifest  portion  of  the  hypemietropia.  The  convex  glass 
cboeen  is  therefore  the  strongest  with  which  the.  in(ii^^dual 
retains  the  full  \ngunl  acuity  he  possesses.  They  should  l)eworn 
constantly,  for  a  distance  and  near,  if  asthenopia  be  complained 
of.  as  only  by  so  doing  is  siilllcient  siipjjort  given  to  the  ciliary 
musi'le.  Wlien  there  is  no  asthenopia,  and  the  hypcrmetropia 
not  of  high  degree  relatively  to  the  age  of  the  indi\adual,  it  is 
generally  suffic-ient,  if  glasses  be  used  nt  all,  to  make  use  of  theni 
for  near  work.  They  may  then  be  onlered  of  a  rather  greater 
strength  than  that  which  corresponds  to  the  manifest  hyper- 
metri>pja. 

Patients  with  hypermeti*npia  should  be  seen  from  time  to 
time,  at  intervals  say  of  a  year  after  they  have  first  begun  to 
wear  the  prescribed  glasses,  in  tirder  to  see  whether  there  is  any 
change  in  the  amount  of  their  manifest  hypermetropia.  In 
many  casea  there  is  none  tluring  the  years  of  growing,  at  any 
rate,  though  as  they  get  older  the  degree  corrected  constitutes 
often  more  and  more  of  the  total  amount.  In  others  there  is 
soon  found  to  be  a  further  amount  of  the  hypermetropia  wliich 
is  majxifest,  and  which,  when  discovered,  should  l>e  corrected. 
Aj^in.  in  some  children  there  is  a  pretty  rapid  diminution  of 
the  hj-permetropia,  so  that  after  some  time  the  glasses  ordered 
Imve  become  too  strong,  and  weaker  ones  sliould  be  sulistituted 
for  them. 

Hypermetropes  have  often  small  pupils,  owing  to  the  con- 
tittction  of  the  pupil^  which  takes  place  along  with  that  of  the 
ciliary  muscle. 

By  the  constant  use  of  convex  glasses,  which  correct  the 
manifest  hypermetropia,  the  asthenopia  often  disappears  after  a 
short  time.  But  we  by  no  means  find  that  this  is  always  the 
case,  even  though  we  keep  the  acconunodation  pamlysed  for 
some  weeks,  and  prescribe  glasses  which  correct  the  whole,  or 
nearly  the  whole,  amount  of  the  hypermetropia.  The  fact  is, 
that  the  asthenopia,  whether  originally  set  up  or  not  by  the 
accommodative  ditticulties,  is  in  many  cases  a  nervous  habit, 
which  it  is  difficult  to  hnyik, — more,  therefore,  a  nervous  and 
not  merely  an  accommtwlative  asthenopia.  Marked  permanent 
liyj»ennetnipia  in  prulMtbly  always  inherited,  although  the 
heredity  is  not  always  easily  traceiL 

As  has  already  been  explained,  the  hypermetropia  which 
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oocure   in   old   age    is  an    indtJ'  hyjia^meiropia,  produced  by 
sclenxsjs  in  the  crystalline  lena 

The  cuunectioD  between  h}'peru]6tropi«  find  iuflammatifin  d 
the  conjunctiva,  conien,  and  lidfl,  has  \yeeu  much  exa^^zwAwL 
There  can  be  no  doubt  that  they  ore,  originally,  at  any  rt», 
compk'toly  ind(»pendent  afiet:Lious,  but  it  seems  likely  thai  iher 
may  be  partly  kept  up  by  this  state  of  refraction,  as  the  u*  of 
correcting  glasses  appeal's  not  infre»|ueutly  to  have  a  favouraWip 
effect  on  the  inflamiuatory  condition. 

There  are  no  ophthahnoscopic  appearances  specially  chwtt- 
tcristic  of  hj'pemietropia.  Sometimes  there  is  an  evidat 
hypeneraia  with  some  (usually  slight)  swelling  of  the  <ipuc 
jMipilke.  la  a  small  proportion  a  wliite  crescent  is  seen  to  the 
teniporal  side  of  the  disc,  due  to  the  opening  in  the  cli'««A 
through  which  the  optic  nerve  passes,  l*eiug  Lirger  tiuut  ifae 
sclerotic  openings  but  tliis  appejtrance  is  more  frequentlt 
aBSociated  with  the  abnormally  eloiigated  eye. 


Myopia. 


Myopia  is  more  fi'equeut,  and  is  met  with  in  Jiighex  dv^pva 
in  adult  life  than  during  the  period  of  gi-owtk  It  is  hanilv  ewr 
congenital,  and  usually  first  makes  its  appearance  after  the  n^ 
of  ten.  It  has  a  tendency  to  increase  up  till  the  time  when  the 
individual  is  fully  grown,  after  which,  in  the  vast  majoritvof 
cases,  it  remains  stationary.  Progressive  myopia,  at  a  Ul*^ 
jreriod  of  life,  appears  to  be  more  common  in  women  llwu  in 
men. 

Myopia  is  mostly  axial,  and  though  not  congeniul,  the 
tendency  to  the  elongated  shape  of  tlie  eye  is  undoubt«<l]r 
inherited.  Except  in  tJie  higher  degrees  (alnive  8  to  9  I*)  the 
visual  acuity  is  in  most  cases  normal,  and  the  eye  iu  cvi'^ 
respect  healthy.  The  visual  acuity  for  near  objects  is  geoenllT 
greater  in  the  uncorrected  myopic  eye  than  iu  the  aooommutod 
hyjjermetroi)ic  or  emmetropic  eye. 

When  uncorrected,  the  vision  for  distant  objects  isindistincl, 
and  the  moi-e  so  the  higher  the  degi*ee  of  myopia.  rnconvc(f<i 
myiii»es,  however,  with  the  same  degree  of  refractive  error,  tlo 
not  by  any  means  see  equally  Imdly  at  a  distance-,  a»  w"*^^ 
depends  on  the  size  of  the  pu|»il,  and  more  perhajM  on  tht?  bahiU 
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ch  some  possess  tn  a  inuch  greater  degree  than  others,  of 
akiiig  niucli  out  of  a  Imd  iniatje.  Thua  we  invariahly  find  that 
►hose,  otherwise  iutelligeiiL  and  uljservant,  wlio  are  not  in  the 
utbit  of  wearing  concave  glasaes,  make  more  of  the  iuiages,  i,e., 
urive  unconsciously  at  a  more  perfect  cerehral  e!aW»ration  oF 
iie  images  they  receive  of  distant  ohjectjs,  lliau  tliustj  who  are 
constantly  in  the  habit  of  receiving  distinct  images  by  the  aid 
of  coiTecting  glasses. 

The  fraction  representing  the  visual  acuity  is  greater,  too, 
the  nearer  the  test  object  lies  to  the  far  yKjint  of  the  eye,  and 
this  is  most  noticeable  in  cases  where  the  degree  of  the  myopia 
IB  only  moderate.  Thus  while  V  tested  at  20  feet  may  l>e  only 
-jV.  it  may  be  |  to  ^  at  10  feet,  and  ^  to  ^  at  5  feet.  In 
this  way  ih^  dfifeetive  risian  cnnst'd  btf  mijopia  ffiffcrs  from 
anthfifojiia. 

The  pupils  in  myopia  are  usually  larger  than  normal,  so 
that  the  tiefect  of  distant  vision  is  in  this  way  increased.  The 
reason  of  this  is,  no  doubt,  the  absence  of  the  contraction  of  the 
ciliary  muscle,  wliicli,  from  there  seldom  being  any  necej^sity  for 
accommodation,  is  not  brought  into  play  so  much  as  in  the  case 
of  the  other  conditions  of  refraction.  The  ciliary  iimsde  in 
myopic  eyes  is  often  ftnmd  to  !«  feeliiv  developed,  tlie  cirmlar 
6bre8  more  especially  Ijeing  cnnsjacuous  Ijy  tlieir  absence^ 

Myopes  have  often  a  sleepy  appearance,  owing  to  the  imper- 
fect manner  in  whicli  they  see  surrounding  objects  at  any 
distance.  For  the  siime  reason  there  is  often  a  poking  of  tlie 
head  forwards,  a  sliyness  of  character,  and  a  more  marked  fond- 
ness for  ri'ading  ami  study  than  is  evinced  on  the  wlude  by 
those,  the  state  of  whose  rcfractiun  enaldes  them  to  see  more 
distinctly  surrounding  objects  or  individuaJs.  Hence  in  gi'eat 
measure  it  is  that  the  nundier  of  myopen  in  the  learned  pro- 
fessions, and  amongst  tliose  engageti  in  occupati'tus  necesaitiiting 
near  vision,  is  greater  than  is  to  \)e  found  ani<mg8t  those  who 
are  otherwise  occupied. 

There  is  sometimes  an  apparent  winvergent  siiiiiuL  iu  myopes, 
due  to  the  circumstance  that  the  visual  axes  piiss  slightly  to  the 
outer  side  of  tlie  optic  axes. 

Myopia  is  sometimes  also  the  result  of  tlisease,  and  when 
this  is  the  case,  it  as  a  nde  rapidly  assumes  a  high  degree,  and 
often  eventually  leads  to  blindness. 
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lu  some  cases  of  luyopia  the  alisc-ace  i>f  accouuaoktiTie  ia- 
pulsoB  leads  to  an  insutticieucy  of  the  power  of  ounvewjcp, 
which  is  intiinately  associated  with  accommodation.  Whikt 
the  asaociutetl  movements  to  either  siile  are  c-flTeeteil  in  sucb  « 
manner  as  to  show  that  there  is  no  loss  of  power  in  tl^e  inirmi, 
the  two  intenii  muscles  ai-e  unable  to  act  ttigether  to  the  ►'rl*;iil 
or  witli  the  ejts**  tluit  is  nMjuired  for  comfortable  work  u  i 
distance  at  which  the  eyes  receive  distinct  images.  This  inwf- 
cienei/  of  convergcncr.  is  often  wrongly  called  insutliciency  of  ibr 
interni.  It  gives  rise  sonii*tiine8  Ui  a  feeling  f>f  tiredness  when 
the  eyes  are  useil  for  reading, — wliat  is  culled  mtisadar  (ufhn* 
op'ui,  of  whicli  it  is  one  of  the  causes.  The  same  iuipediment  in 
the  performance  of  convei^gent  movements  is  apt,  under  drcnm- 
sUtuces  of  nnc(pial  acuity  of  vision  in  the  two  eyes,  to  given* 
to  divergent  sr^uiut,  a  form  of  squint  more  frequently  associated 
with  myopia  tlian  with  oihtn-  conditions  of  refractioo. 

There  is  fretiuently  au  ophthalmoscopic  appearance  to  be 
met  with  in  the  myopic  eye,  which,  although  not  absolntely 
characteristic  of  this  state  of  refraction,  is  more  f retiuently  wo- 
nectod  with  it  than  with  such  as  are  due  to  a  less  elytigatal 
form  of  the  antei*o-posterior  axis.  The  appearance  referred  to  tt 
that  of  a  white  patch,  usually  concentiie  in  shape,  immediaidy 
1X)  tlir  outer  side  of  the  entrance  of  tlie  optic  nerve.  In  »»BW 
cases  it  is  seen  above  or  below  instead  of  to  the  temporul  nde. 
This  patch  Ih  due  tt*  an  absence  of  some,  or  all,  of  the  layers  of 
the  choroid  in  thin  situation,  and  a  consequent  reflection  of  mure 
or  less  liglit  by  the  wlute  sclera.  Its  size  bears  uo  in^-ariiUe 
relal.itni  to  the  degree  of  myopia.  When  large,  7>.,  when  lU 
breadth  is  neai*ly  eqiuil  to  or  exceeds  the  diameter  of  Un? 
papilla,  and  more  especitilly  when  it  extends  all  round  the 
nerve,  it  is  always  associated  with  the  higher  degrees,  voA 
must,  too,  be  looked  upou  iis  pathological,  and  suggestive  of 
progi'essive  myopia.  The  white  myopic  crescetU,  as  it  is  0»1W, 
is  generally  bordered  with  pigment  where  it  meets  with  the 
edge  of  tlie  mirinal  clioroid,  and  there  is  often  at  the  sunw 
time  an  appeamnco  of  the  central  vessels  of  the  nerve  b?iiig 
pushed  to  the  inner  side,  au  appearance  which  is  due  to  the 
edge  of  tlie  aperture  in  the  choroid  coming  closer  «p  lo  tbr- 
nerve  than  it  does  when  there  is  no  crescent  on  the  other  atl**- 

In  many  cases  of  the  higher  degrees  of  myopia  wher*  t*»^ 
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altnorraal  elongation  is  due  to  a  staphylonmtoiis  protnisiou  of 
the  back  part  oi  the  eye,  and  consequently  the  myopia  is  the 
result  of  disease,  the  changes  round  the  nerve  arc  produced  not 
only  by  displacement  of  the  choroidal  aperture,  but  by  degenera- 
tive changes  of  an  intluuinuiLory  nature  ns  welL  At  the  same 
tirne.  other  changes  are  met  with  in  the  region  of  the  macula 
lutea.  Tliese,  notwithstanding  tlie  existence  of  more  or  less 
nieUicaorphopsia,  or  the  appearance  of  distortion  of  objects  seen, 
are  at  first  not  veiy  evident,  but  as  the  myopia  progresses,  they 
usually  niake  their  appearance  as  a  more  or  less  imlefinite 
irnigularity  in  tlie  retinal  pigment  layer  at  the  macula,  or  it 
may  be  small  wliitish  or  yellowish-white  spots  in  the  same 
regioiL  At  later  stages  a  ring-shaped  pigmentation  surrounding 
a  tuitre  or  less  degenerated  area,  is  often  seen,  and  in  extreme 
cases  actual  patches  of  considerable  size  may  occupy  the  site  of 
the  macula  or  the  retina  immediately  surrounding  it. 

The  treatnunt  of  myopia  consists,  in  the  first  place,  and  in 
all  cases  where  it  is  merely  a  type  of  refraction,  and  not  the 
manifestation  of  any  disease,  in  wearing  concave  glasses.  The 
glasses  woni  should  as  u  rule  he  those  which  fidly  correct  the 
myopia.  Owing  to  the  power  of  accommodation,  stronger 
glasses  than  those  required  do  not  necessai-ily  render  the  \i8ion 
less  distinct.  The  rule  is  therefore  to  give  the  urakcst  con- 
cave glasses  which  admit  of  the  full  Wsual  acuity  which  the 
individual  has. 

When  prescribed  early  in  life,  the  correcting  glasses  may  be 
worn  both  fur  distant  and  near  vision  without  causing  any 
discomfort,  and  with  the  advantage  of  rendering  mmeoessiiry 
the  same  degree  of  convergence  of  the  visual  axes  which  the 
nucorrectetl  myope  of  any  considerable  degree  is  in  the  habit  of 
exerting  when  reatling.  This  is  not  always  the  case  if  glasses 
are  first  worn  later  in  life,  and  it  is  sometimes  necessary,  even 
before  the  age  at  which  presbyopia  shows  itself  in  emmetropes, 
to  use  weaker  glasses  for  reading.  This  is  probably  owing  to 
the  unusual  relation  which  is  all  at  once  introduced  between 
the  convergent  and  accomuicKlative  movements.  Thus,  whilst 
the  individual  has  hitherto  been  converging  up  to  the  distance 
(if  hia  far  point  without  exerting  any  accommodation,  he  hiis 
DOW  all  at  once  Ui  associate  with  every  degree  of  convergence  a 
eimiloT  decree  of  accommodation. 
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Tlie  dimiinshiiig  effect  of  the  concave  glasses,  whidi  is  pnrtlj 
real  and  |>artly  apparent,  thouj^h  disfigreeable  at  firflt.  l-  ■ 
very  soon  pusses  off.  and  in  tlie  lower  degrets  of  t:. 
indeetl  often  not  noticed  at  all.  Tlie  same  may  be  said  4  ibe 
distortion  of  larger  objects  to  whidi  glaases  give  rise :  iniiwil  iC 
is  most  remarkable  that  so  little  notice  should  usually  ^le  taken 
of  this. 

In  jirogressive  myopia  due  to  disease  great  caire  should  be 
taken  to  avoid  any  undue  couverj^euce  of  the  axes,  reading  in  » 
bad  light,  exposure  to  strong  light,  stooping,  &c,.  snything  in 
fact  wliich  might  be  likely  to  determine  or  keep  up  a  eonpsstiun 
of  the  eyes.  At  the  same  tinie  attention  should  lie  diKcteJ  W 
the  general  health.  Counter-irritation  and  local  hhnid-lettuur 
are  also  recommended  and  may  sometimes  be  of  use. 

Tht'  <iuo8tion  as  to  the  ef.iolo*/j/  and  iiatholog)'  of  niyopin  k  one 
of  no  little  difliculty,  and  one  ou  wlucli  runny  >liflV^•nt  ri**w»  «r 
ontortained.  Tho  greater  frequeui'y  oi  this  »t4it*'  of  refraction  in 
8oau*  countiifs  compared  with  others  equally  oivilit*e<i,  and  tbi?  il»«4 
romploti*  ahgeuct*  of  it  in  uncivllUud  countries,  hua  natunllv  gi^w 
rise  to  the  id<'a  that  it  is  as^ociaU'd  with  flomo  of  ihr*  cimililJuQ!^  «i 
civilised  lift*  vvlurh  are  uior«  prevalent  in  souk*  purt*  thiui  otln-rv  No 
doubt  certain  riiTinnsunicos  to  Bonie  extent  influi'Mrn  the  irn'r»-.i«» *'f 
luyopia  during  the  perio<l  of  gvo>\'th.  Eyes  at  thai  ' 
liave  a  tendency  tu  udiipt  themselves  to  tlie  conditiia 
they  are  usmhI.  But  great  confusion  him  boon  int^>«luc«Hl  by  u  uiluit 
to  discrimijiatt^  between  the  crises  of  «l)ort  sight  ilue  to  diwa*.  W 
those  much  more  numerous  <.*«i*es  which  are  tlie  extiressiou  itf  » 
|»;trticidar  ty[m,  and  ai*e  no  more  to  l>e  looked  ujiou  as  j>nthi.iiogical 
tliaii  in,  for  instancv,  the  attniiiincnt  of  a  gnsiter  than  atmigfl 
wlntuif. 

The  fate  of  many  casea  of  the  malignant  forms  being  afisinsHl  tt 
the  possible  fiitt^  of  all  cases  of  myopia,  lias  given  rise  to  all  *'rU  of 
theories,  Hupj>orted  either  by  bt^ilLsticf,  iinaUimy,  or  experinifnt,  ta 
account  for  tlie  |>rogre.sHion  which  takes  jduce  during  the  pcriml  t'f 
growtli,  mul  t^»  a  correspLUuliug  nuiuber  of  more  ur  lese  mipra''tii»l 
]iroi>ofials  fu^  to  how  such  prngresaion  is  to  l»e  st*tpi»cd-  Attention  biw 
naturally  been  directed  to  schools,  fmm  which  statinti''s,  miiinl)  fpioi 
America,  Germany,  Fiimi-e,  and  Switzerhnui,  have  clearly  shown  that 
the  percentage  of  Oiises,  as  well  as  the  degree  of  short  sight,  inaww 
i-egularly  fnan  the  lowest  t«j  the  highest  forms,  the  incrcAee  ^J^ 
greater  amongst  the  children  of  the  better  cla*s  schcKjIs  tlian  omitfi^ 
charity  school  cliildren.  This  ha*  been  taken  as  a  pi*oof  of  the  oiIvMW 
influence  of  school  work.  The  main  blame  has  b(»en  jittadieil  l"  vi^ 
ous  causies,  and  all  tlie  jM>ssiblo  and  imiw)ssible  fnot»irs  have  ^itvu  nj^ 
lu»M  as  the  most  important.     SoniP  gi>od  Iuls  nndouhte<lty  (ui*eQ  h"" 
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this   agitation,   as   it    hns    lei   i*^  mucli-neeile<l   refomiB   in   foreign 

evhoois  in  the  way  of  i«*lter  veiitiliititin,  letter  light,  WtLer  ilesks, 
anil  more  jmrticiilarly  gieutcr  ulU'iitioii  hoiug  shnwn  t«T  [ihyjiirftl 
tniining. 

Not  only  have  iliflVrent  conilition.s  asfiociat^**!  with  the  use  of  the 
eye  at  iieiir  distances  l)eeii  suppoji<**l  to  give  rise  to  myopia,  but  many 
different  exjilanatioDH  of  the  manner  in  which  any  imrticular  condition 
brings  a>>out  the  <'Iong!itvou  on  which  the  myopia  ^lejifinds  have  Wen 
advanced,  To  takp  but  one  example  :  exceiwivn  convergenro  of  the 
visiial  axes,  which  in  looked  n|K>n  by  many  aa  the  miiin  cjuisp  of  tlie 
development  and  advance  of  uiyopi«,  is  by  sujiiut  expluiiu'd  iw  acting 
by  causing  a  dnigging  on  the  optic  ta-rvej* ;  by  others,  by  introducing 
either  increased  intnux^ular  tension  or  a  stasis  in  the  circulation,  re- 
sulting from  the  pressure  of  the  extennd  recti  on  tlic  eye-lwdls.  Somo 
believe,  loo,  that  this  may  occur  without  the  co-exi.stence  of  any  actual 
ditwNi-srd  comiitiou  of  the  coats  u(  the  eye  at  the  region,  whicli  I».'r.'r)m('« 
gtadually  more  and  more  distemled  ;  whilst  others  hold  that  this  ia 
im|»tiAsiblf^  except  Oil  the  assuuiption,  for  wliioli  they  find  more  or  le.ss 
hifit'tbtgicid  evidenc+%  of  a  low  form  of  iiiHanimatory  liasne  change. 
The  myopic  credent  has  ofti-n,  U>o,  U'en  tJiken  to  Iw  the  foi*erunner 
of  a  staphyloma  i>oBticumt  wherean  there  is  gi>od  reason  ti*  Iwlicvo  that 
in  most  cjwes  it  is  of  no  jiatholngical  im]M3rtttnce  whatever. 

Tlie  ]M>sition  of  our  knowledge  with  reganl  to  myopia  apjiears  to 
tne  to  be  as  follows: — We  know  that  lliis  nUiU*  of  refnicticm  compHra- 
tively  rarely  logins  muoii  V-fnre  piiUMty,  that  it  increjises  rtigularly 
with  age  till  the  [»eriod  of  full  gi-owth  has  lx*eu  an'ived  at.  We  know, 
firrther,  tliat  this  iucrefwe  takes  jilace  indej)endently  of  schooling,  ami 
the  numeiiniH  statistics  which  have  yet  iH'en  jmblished,  though  strongly 
suggestive  of  a  dircvt  inHueni'e  ttf  school  work  on  the  ])rogression, 
have  by  no  means  clearly  e^tnl'lished  tlie  existence  or  extent  of  sut^h 
an  influence.  Even  shonhl  it  exist,  there  would  be  no  rcjusttn  why 
any  pathologitnl  condition  shouM  l>e  iuferivd  in  eyes  whieji  yielded 
to  it,  as  it  has  lieen  abtmdautly  shtiwi»,  and  is  tlie  experience  of  any 
one  who  has  paid  nttontiim  to  this  (jnestion,  that,  notwithstantliiig  tho 
contiiuiunce  of  the  same  conditions  as  Uj  reatiing,  lVc.,  in  after  life,  the 
nde  'ifK  for  the  myopia  to  remain  stjitionary.  Tlie.  natnnd  combisiou 
is,  then,  that  if  an  influence  is  proved  to  exist  at  all,  it  is  the  expres- 
sion mendy  of  nn  adaptation  of  the  eye  to  the  work  it  is  mostly  railed 
on  to  perform,  occurring  at  a  time  of  life  when  such  adaptations  aro 
|K_«eable.  One  jMtint  of  importJince  is,  tliiiL  although  the  cducaU'd  classes 
present  a  far  lai-ger  prn|»orti(>n  of  myopic  individuals  than  the  un- 
eiliicjited,  still  it  is  amoi»g5*t  the  latter  that  llii.'  Iarg<'si  pi-opoilion  vf 
the  higher  and  more  complicated  forms  are  met  with.  This  fnct  is  also 
an  indire<.'t  evidence  in  favour  of  the  ortiinary  myopia  twing  in  no 
aen.se  a  disease.  The  malignant  form  is  relatively  much  rarei  than  tho 
statistics  of  any  ophtlmlmic  clinic  would  k-ud  one  to  sujijHise,  owing 
trt  the  circunistance  tliat  so  nuuiy  myojKJs  of  the  ordinary  type,  havijig 
no  retinal  defect,  readily  find  i»iit  how  Uy  correct  their  refnidion  them- 
selves.    AVe  find,  too,  an  undoubted  hereditary  predisposition  to  ordi- 
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imry  myopia,  whereas  little  or  none  seems  \jc\  exi.st  in  romiwriiow  villi 
tlie  mivlignant  form.  This  heredity  is  markedly  vUihlw  tti  V-rr.  3 
where,  notwithstflHiling  the  subjection  to  the  same  condition- 

life,   there  is  a  great  ilitferejiee  in  tlie  percenUige  t»f  mjuj-^- 

juuoagst  the  children  of  Gonimn,  English,  or  Irish  [KUfnUp-.  b 
a|t|H*tirs  X\)  l>e  a  pretty  definitely  estuhlished  rule  thai  thninr  (vnmtrini 
which  luive  longest  U*en  civilised  have  the  largest  |•^'p"^ti«^o  \k 
myopo8,  and  that,  Ifln,  to  a  large  extent  indnjiouilently  of  wh<'ilMtf<Tr 
not  lit  the  present  time  they  iire  tlu*  most  advancoU  in  an  *<<lucafifMl 
point  of  view.  Evidently,  then,  the  adaptation  tlnit  luis  taken  j«U» 
in  the  eyes  to  the  re(iiiirenieuts  of  eivili:*ation  in  the  way  uf  tiiriy 
eduwitiou  ha**  heen  »l*iw,  and  probahly  inflneuced  more  )>v  lifn<dilT 
than  by  iudi^iilual  appliralion.  We  have  no  statistie*.  to  slmw  iu  lw» 
far  the  condititm  of  short  sight  lias  acted  on  the  rhoire  i«f  u  pn»f«swtt, 
and  conR€y|uently  tluwe  whieh  demonstrate  llie  pre^xmiicmnre  uf 
myopia  in  the  learned  prnfesjuions  are  far  from  Iwin^  i*<»arI«*ivF,  a» 
they  are  gencmlly  taken  to  Iw,  of  the  influence  of  study  iu  iraiwingtff 
increasing  it.  In  a  society  in  whioh  the  pi^awsssion  of  a  (*eitaiu  tnniuut 
of  educ4ition  is  a  reqnii*ement  of  the  higher  clasrfi'is  the  onlinAty  Uw 
of  natural  Rflottion  mii8t  l>e  at  work,  causing  a  prpi»r)ndfmiiw  uf 
myopia  in  these  riasseft.  On  the  other  hand,  in  Ravage  nttimnmiu** 
where  so  mncli  dejx'nda  on  the  iMissession  of  g*K>d  dintJint  vision,  tip* 
same  laws  must  act  towaixls  |>reventing  the  jK'q»etuatiou  of,  urrfwi 
ai'tiially  extenninating,  the  myopic  type.  Tlie  higher  degrw*  rf 
hyi>ennetroi)ia  api>ear  also  not  ^J  lie  met  with  in  s»vagr  communities. 
The  same  law  of  the  survival  of  the  fittest  would  nrl  agaiuA  ibr 
l>erjHituation  of  thia  tyjte. 

A  considerable  diHieulty,  it  must  be  confessed,  is  now  muI 
tlitin  oxperienctiil  in  (lett^riiiiiiiug  whether,  In  any  jwirticukr  <*»«, 
tliti  myopia  is  tt*  be  l(X)ked  npon  as  puthologica.!  or  not,  so  ihiK 
it  is  not  always  easy  to  draw  a  sharp  line  lietween  the  two  forni& 
This  is  not  to  l>c  wondered  at,  as  the  short  sight  at  the  time  »if 
examination  may  be  the  only  s}Tnptom  of  what  is  m-iuallj  »* 
disease. 

AVhatever  bt*  tlie  cause  of  the  probable  increase  in  the  exist- 
ing tendency  to  progression  in  myopic  eye^  dvu'ing  the  |tcriod  *if 
jfrowth,  which  application  of  the  eyes  to  near  ohjecta  procincea. 
there  can  be  little  doubt  that  the  proper  treatment  cou^ista  iu 
wearing  the  correcting  lenses.  Any  oj>erative  treattuenl,  such 
as  tenotomy  of  the  external  recti,  paracentesis  of  the  comai 
sclerotomy,  &c.,  the  indication  for  which  rest^  entirely  on  theo- 
retical considerations,  is  altogether  unjustifiable  in  the  prescnl 
state  of  our  knowledge. 
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AsnOMATlSM. 

la  the  conditions  of  refraction  hitherto  discussed,  we  have 
seen  that  the  rays  proceeding  from  an  exU*rnal  puiut  met,  after 
refraction  through  the  trnnsparent  media  of  the  eye,  nt  sonm 
other  {loiut,  or  as  nearly  at  a  point  as  the  existence  of  8i>lierical 
and  chromatic  aberration  admitted  :  that  is  to  say,  the  refraction 
was  symmetrical  round  the  optic  axis.  When  this  is  not  the 
case  the  eye  is  said  to  he  nstigvnatic  («,  rmy/m),  the  name  tii-st 
given  to  this  condition  of  refraction  by  WhewelL 

Two  forms  of  astigmatism  occur.  The  want  of  symmetry 
may  l)e  of  such  a  nature  that  the  greatest  refraction  of  the 
rays  takes  ]>lace  in  one  plane,  whilst  the  least  refraction  takes 
place  in  the  plane  at  nght  angles  to  that  plane,  the  refaction 
in  intenuediate  planes  being  regularly  intermediate  in  amount 
(though  diflbrcnt  in  nature).  This  is  what  is  called  rajtdnr 
fiMigmaiinm.  The  cause  is  mostly  a  lUfTeixMice  in  the  cmvature 
of  diflenmt  meridians  of  the  cnrnea>  a  diHerence  which  may  he 
cnngenilal  or  acquired.  In  highly  astigmatic  eyes  the  whole 
glolK?  aju^ejirs  more  or  less  evidently  Hattened  in  one  direc- 
tif>n,  so  that  the  deformity  does  not  exist  in  the  cornea  aloue. 
Regular  astigmatism  admits  to  u  certain  extent  of  optical 
correctioa 

When  Uie  meridians  of  greatest  and  least  refraction  are  not 
at  riglit  angles  to  each  other,  there  is  what  is  called  xrrc^jitlar 
axtupnatiiniu     Tliis  condition  rarely  admits  of  optical  correction 

any  extent,  and  is  caused  by  an  irregularity  in  the  curvature 
of  comeii  or  lens. 

The  character  of  a  I'egular  astigmatism  differs  according  to 
the  position  of  the  principal  foci  of  rays  refracted  through  the 
moridinns  of  greatest  and  least  cur\ature.  If  the  focus  of 
either  coincides  with  the  layer  uf  percipient  elements  of  the 
retina,  the  astigmatism  is  idmplc.  Two  forms  of  ttimpfe  aMifj- 
\ati»m  occur:  (1.)  Simple  mt/02tu'  astigyntitism,  and  (2.)  Shn^tle 
ikypenneirupic  astigvuUisin.  In  the  tirst,  the  focus  of  rays 
fpassiog  through  the  most  highly  refracting  meridian  of  the 
curnea  is  situatetl  in  front  of  the  retina,  wliilst  that  of  the 
rays  passing  through  the  meridian  at  right  angles  coincides 
with  the  retina. — (Fig.  139,  A-)  In  the  second,  the  focus  of 
rays  passing  througli  the  feeblest  refracting  meridian  is  some- 
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whei-e  Iteliind  tlie  retina,  and  that  of  the  most  liighly  refnctinsr 
meridian  on  tlie  rytiua. — (Fig.  139,  B). 

The  astigniatisiii  is  nmijxfund  if  neither  of  these  foci  coin- 
cide with  the  retiurt,  Compotaul  mstigmafUm  occurs  in  lLn» 
foniis. 

(1.)  Cofnjmtml  myopic  antiffnuttisiHt  when  both  the  focus  of 
rays  througli  the  highest  nii<l  that  thnuigli  the  lowest  refracdDg 
mcritliuns  lie  in  front  of  the  retina, — (Fig.  i;59,  C). 

(2.)  Compound  hyprrmdropir.  oftigmn- 
liAm,  when  the.se  foci  are  both  beliind  the 
retina— (Fig.  139,  I));  and 

(M)  Miirtf  nstiffntatism,  when  the  one 
focn8  lies  in  front  and  the  other  behind  Ibe 
i-etina.— (Fig.  i;'»9,  K). 

Mixed  astigmatism  occurs  mueJi  If^ss 
B  froqnently  tlian  the  other  fonna^  The 
conL]x)und  forms  are  the  most  coiumon. 
Accortling  Ui  some,  h}*permetroiiic  is  morv 
common  than  myopit*  astigmatism,  whiJjit 
others  liave  found  tiie  two  about  e«|UiUly 
prevalent.  In  this  respect  there  mpn 
evidently  local  difffrenc^^s  just  as  in  ibc 
proportion  of  myopia, 

A  certain  (]egree  of  uHtigumtisiD  exists 

^     probably  in  all  eyes,  hut  it  is  only  when 

the  diH'LTence   in   refraction    in    planes  ai 

right  angles  to  each  other  is  at  least  0*50  li 

tliat   an    optical   correction    is    called    for. 

E    The    correction    is    made    by    means    of 

cylindrical    lenses,  or    lenses    which    are 

p4trtioiis  of  a  cylindnciil   .sttrface.  and  tn 

Via.  }iiu.  which  there  is  tlierefore  one  direction  not 

curved,  corresponding  to  the  axis  of  tbe 

cylindf*r.     This  direction  is  called  the  tui«  of  the  cylindrical 

lens.     Tlie  direction  at  right  angles  to  this  is  that  of  gn*aic»t 

curvature,  and  the  only  one  in  which  the  curve  is  circular. 

Fig.  140  shows  the  plano-cylindricfd  glns.s,  convex  and  conrava 

For  tlie  correction  of  ivstigumtisui  the  axis  of  the  cyliiKler 

is  placed  parallel  with  that  meridian,  wliich,  in  the  case  of 

simple  astigmatism,  is  emmetropic,  and  which,  in  the  ca^  of 
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Compound  astigmatiBTu,  has   been   rendered  emmetropic  by  a 

©plierit'al  lena 

Tlie  vision  of  astigmatic  indi\'iduals  is  more  or  less  distinct 

acconliiig  to  the  degree  of  the  tustitrmatisni  and  the  nature  of 
the  objects  looked  at  For  ordinary  print,  for  instance,  and 
for  most  external  objects,  whose  characteristic  directions  are 
verticid  and  horizontal,  the  direction  of  the  chief  meritlians  makes 
A  dillerence.  If  the  vision  W  tested  for  lines  radiating  in  all 
directions,  it  will  be  found  that  in  simple  astigmatism  lines 
parallel  to  the  ametropie  meridian  can  always  he.  seen  distinctly. 
The  reiison  of  this  is  ohvious,  as  the  (listinct  \ision  of  a  line 
mostly  depends  on  the  accurate  focussing  of  rays  which  proceed 
from  every  point  on  it  in  planes  wliicli  are  at  right  angles  to  its 
direction.     In  compound  hypermetropic  and  mixed  astigmatism 


lines  in  some  jmrticular  direction  can  also  usually  lie  seen  dis- 
tinctly, owing  to  one  f^f  tlie  meridians  l)eing  corrected  for  by 
accomnuKlation.  The  lines  wliicli  appear  most  indistinct  are 
those  at  right  angles  to  the  clear  ones.  Sometimes  the  lines  at 
right  angles  to  the  hypermetropic  meridiaji  appear  most  dis- 
tinct owing  to  the  emiiu'tropie  meridian  having  been  rendered 
myopic  and  the  hyi>ermetropic  ineiidiim  emmeti*opic  by  an 
accomjuodative  change. 

The  eye  is  mostly  accommodated  for  the  focus  of  the  rays 
passing  through  one  of  the  principal  meridians  instead,  i.e„  for 
one  of  the  focal  lines.  There  api>ears  to  be  a  preference  for 
focussing  tlie  vertic4il  focal  line,  and  tliis  is  possibly,  as  Javal, 
who  first  called  attention  to  it,  suggested,  owing  to  the  possi- 
35 
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bility  of  at  the  same  time  improving  the  viaion  for  homontal 
lines  by  closing  the  lids. 

The  line  most  distinctly  seen  in  compound  hypermetropic 
astigmatism  usually  (thougli  not  always)  corresponds  in  dirw- 
tion  with  the  most  ametropic  meridian,  and  in  mixed  aAtigma- 
tism  with  the  myopic  meridiau.  In  compound  myopic  asti^ua- 
tism  no  line  is  seen  very  distinctly,  and  the  concave  glass,  which 
makes  one  line  distinct,  is  the  measure  of  the  amount  of  juyojiia 
in  the  least  myopic  meridiiui,  the  direction  of  the  line  most 
distinctly  seen  being  that  of  the  more  highly  myopic  nieridiaiL 

The  manner  in  which  those  who  ure  congenitally  aatigniatic 
see,  is  not  very  e^isy  to  undersUind.  By  holding  a  cyliiidruad 
lens  in  front  of  one's  own  eye,  one  may  pnxlnc*  a  <lisK>rti*»n  of 
images  pretty  similar  tti  that  which  any  one  with  tht»  corrv- 
apondiug  degree  of  listigmatism  must  receive  on  his  retina.  The 
fact,  however,  of  this  diatoilion  having  ulways  existe<l  iuukt«  it 
impossible  for  liim  tu  be  conscious  of  it.  But  the  curious  thing 
is,  that  the  cylinder  correcting  the  astigmatism  rarely  piiKluoea 
any  appearance  of  distortion,  so  that,  both  with  and  without 
correction,  objects  appear  of  much  the  Siime  shaf*e,  though 
blacker  or  more  sharply  defined  with  the  cjirrecting  glass.  Tlu! 
appearance  of  radiating  lines  in  a  fan  nniat  be  much  the  »am« 
as  that  produced  by  liolding  a  cylinder  in  fn>nt  "f  «  •ion- 
astigmatic  eye. 

The  tlUi^iwttis  of  astigmatism  may  \te  mjide  Ixitli  subjwiu**!/ 
and  (tbjectively.  As  in  the  case  of  tlio  diagnosis  of  myopia  and 
h}i>ermeti'opia,  the  fonuer  is  the  moiv  satisfactoiy  if  the  [laueut 
be  at  all  intelligent,  and  the  visual  acuity  on  w.trn*ction  noil 
much  below  tlie  normal ;  but  objective  methcnls  for  llie  t*^ting 
of  astigmatism  are  less  likely  to  lea<l  to  ermrs  in  the  estimation] 
of  the  amount  of  astigmatism  i>re8t*nt  than  in  the  other  rou-j 
ditions  of  ametropia.  Their  uncrrUiiniy  lies  mort^  in  detcnniniu^^ 
its  position.  !.<;..  whether  simple,  c/)mpoimd,  or  mixed. 

The  subjective  U'st  for  iustigmalism  is  Ik'hI  made  with  eylin-' 
drical  lenses  and  Snellen's  test  tyj>es.  and,  as  far  as  the  estimAtioi 
of  its  degi'ee  goes,  is  easier  and  requires  leas  knowledge  of  tl 
theoretical  and  clinical  aspects  of  refractive  anomalies  than  th*l 
testing  of  myopia  or  hypermetropia.     The  reason  of  this  ii«,  that; 
a  cylindrical  lens,  if  not  of  the  proper  strength,  and  not  propcrl; 
situated  to  correct  the  astigmatism,  does  not  produce  the  desirtKlj 
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improvement  in  vision,  and  is  disagreeable  owing  to  the  dis- 
tortion of  objects  to  which  it  gives  rise.  But  u  cylindrical  lens 
will  <iften  improve  the  iimetropic  vision  to  a  considerable  extent, 
although  not  required.  On  account  of  the  visual  disturbance 
lieing  less  in  the  case  of  fistiginatism  than  in  a  similar  ametropia 
of  tiie  same  degree,  one  should  always  begin  testing  with  spherical 
leuses.  "Wlien  it  is  found  that  spherical  lenses  prmiuce  no  im- 
provement at  all,  nr  only  a  certain  degree  of  improvement  as 
tested  with  Snellen's  tj-pes,  we  may  either  pro<;eed  at  ouce  to 
try  whether  any  impi'ovement  is  to  be  gut  with  cylindrical 
lenses  added  to  the  weakest  c^>ncave  spherical  lens  wliirh  gives 
the   best  vision,  or  the  stix^ngest  convex  one  whicli  does  not 


Fii*.  Ill, — Sndlen'i  t«it  for  ostigmatUiii.     Figure  rtidiicvd  nine  diuneten. 


make  the  vision  any  worae;  or  we  may  determine  whicli  of  a 
nnmber  of  radiating  lines  are  seen  most  distinctly  without  any 
spherical  gltiss,  or  with  the  adthtion  of  8ut;h  a  glusH.  In  this 
way  the  refraction  in  one  of  the  meridians  is  obtainetl,  and  if 
the  form  (Fig.  141)  siimetimea  called  "Snellen's  rising  sim"  be 
ttsed,  an  indication  is  afforded  at  tlie  same  time  of  the  extent  of 
visual  acuity,  wjiich  the  addition  of  a  suitable  cylindrical  lens 
may  h.*ad  one  to  exj»ect  to  find.  After  this  cylinder  is  found, 
and  the  |x>sition  in  which  ita  axis  has  to  be  placed — and  this 
must  Iw  done  by  testing  with  wliich  cylinder  the  vision  is  mast 
acute — we  must,  by  adding  a  wwik  convex  lens,  see  whether 
some  of  the  correction  is  not  made  by  an  aceommodative  change, 
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and  eventually  choose  the  combination  of  glasses  iu  a  ca&e  of 
compound  astigmatisui,  in  which  the  best  vision  is  got  with  the 
weakest  concave  or  strongest  convene  spherical  leus. 

A  useful  objective  method — by  which,  however,  the  exi»l 
euce   only,  and    not  the  amount,  of   the  astigmatism   can 
diaguustnl — consists   in   oWrving   whether   the   image  t»f   iJ 
disc  alters  in  shape  as  the  lens  used  in  making  an   im 
ophthalmoscopic  examination  is  withdrawn  from  or  approach* 
to  the  eyi*.     If   it  does  so,  there  must   l»e  astigmatism.     Th( 
reason  of  tliis  will  be  readily  understood  from  the  explauatioi 
of  the  alteration  of  the  size  of  the  image  obtained  iu  this  waj 
given  at  page  508,  and  by  a  reference  to  Fig.  126.     A  differene 
in  the  state  of  refraction  in  difiereut  meridians  of  the  eye  cansetl 
the  change  in  size  to  take  place  with  different  degrees  of  npiditjrj 
in  diflerent  directions,  or,  in  the  case  of  mixed  astigmatism. 
increase  in  one  dii'ectiou  and  diminish  in  that  at  right  aiigh 
so  that  iu  either  case  an  alteration  in  shai>e  must  take  p1ai'<rj 
It   is  often  convenient    to  make    this   ([ualitative   lest    befoi 
proceeding  to  try  the  effect  of  cylinders;  or  if  tliere  lie  ani 
doubt  as  to  the  change  t»f  shape  on  withdrawing  the  leus,  aui 
the  papillie  appear  oval  when  the  lens  is  held  cU^se  to  the  ey< 
we  may  proceed  to  ascertain  its  shape  on  direct  ophthalmoecopie' 
examination.     If  the  oval  is  then  at  right  angles  to  its  forraerj 
direction,  there  must  l)e  astigmatism.     In  this  alternate  ex- 
amination by  the  indirect  and  direct  we  possess  a  dehcate  test 
for  t!ie  existence  of  astigmatism. 

The  obvious  reason  for  tiiis  rectangular  ilLflereiice  is,  tliat  x^i 
the  tUrect  examination  the  most  highly  curved  meridian  of  ihei 
eye  examine<l  produces  tlie  effect  of  a  stronger  magnifying  glass,- 
and  therefore  causes  a  drawuig  out  of  the  image  in  that  direction. 
By  tlie  indirect  method  of  examination  the  stronger  combimitioit,j 
which  results  from  the  more  liighly  refracting  meridian  and  tJ»oJ 
convex  lens,  gives  rise  to  a  correspondingly  smaller  inverted 
image.  As  a  rule,  the  direction  of  the  long  diameter  of  the] 
oval  is  vertical  when  seen  in  the  direct,  !un'izout4d  when  iu  thct' 
indirex^t  image.  It  follows  from  what  Ims  been  said  that,  how* 
ever  oval  a  papilla  nmy  appear,  it  ia  not  an  inilieution  of 
astigmatism,  unless  the  shape  differs  by  the  direct  and  indirect 
methods  of  ophthalmoscopic  examination,  or  on  withdrawing  thd| 
lens  in  the  latter  method  of  examination. 
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of  the  simplest  and  best  objective  tests  for  astigmatism  is 
made  by  retinoaeopy.  By  noticing  with  wJiich  spherical  lens  a 
Teversal  of  the  shadow  first  tukeH  phice  in  one  meridian,  nnil 
then  witli  which  other  glass  the  reversal  takes  place  in  the 
meriiliati  at  vipht  angles  to  the  first,  wliioli  is  done  by  njtatrnj^ 
the  ttplithalmuscope  luirror  first  roiuid  one  nxis,  and  then  ruuud 


Fio.  142. — Jftval's  ophthalmotneter. 


that  at  right  imgles  tt)  it,  wr  «re  jlIjIl^  to  detL*niiine  very 
npprijxijnatcly  the  degree  of  astiguuitisiu.  It  is  evidtMit  that 
the  difference  iu  the  strength  of  the  lenses  which  first  reverse 
the  shadow  in  the  two  directions  is  the  nieasure  of  the  a.stig- 
malisni,  provided  tiiat  there  has  l>een  no  change  in  the  aiuount 
of  ac-commodation  during  the  examination.     The  position  of  the 
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astigmatism  cannot,  on  the  other  hand,  be  got  with  c^rtiunty 
unless  the  ftccommoclation  be  paralysed.  When  this  is  not 
done,  it  is  necessary,  after  finding  its  degree,  to  a«certain  by  tlie 
ordinary  subjective  tests,  when  this  is  possible,  the  position,  or 
at  any  rat^?  t)ie  position  which  may  most  suitably  be  taken  for 
purposes  of  optical  connection. 

It  h;is  already  been  said  that  regular  astigmatism  ia  mostly 
due  to  difierences  in  curvature  of  the  cornea  in  diffrreut  directions. 
These  diffel^»nce8  in  curvature  can  be  ascertaine<I  by  means  of 
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faval's  o])hthalmometer,  and  the  astiginatism  calcidated  in  tnw 
way.  This  instrument  (Fig.  142)  consists  of  a  telescope  placed 
horizontally^  and  so  arranged  as  readily  to  be  directed  on  the 
cornea  of  the  eye  to  l»e  examined.  Firmly  fixed  to  the  telescopcr 
is  a  graduated  arc  of  35  centimetres  radius,  the  centre  of  which 
is  in  a  line  \vith  the  axis  of  the  telescope,  and  therefore  also 
with  the  visual  axis  of  the  patient  when  it  coincides  with  that 
of  the  telescope.     On  either  side  of  tlie  midpoint  of  the  arc  ore 
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two  movable  white  figures.  These  are  the  objects  whoee  u 
on  reflection  from  the  cornea  are  seen  magnified  by  the  tefc- 
scope.  By  means  of  twn  prisms  joined  at  their  apices  suita!»]y 
placed  in  the  tube  of  the  telescope  the  two  corneal  imagefl  wne 
doubled.  Wlien  the  objects  are  placed  at  a  certain  distance 
apart,  one  of  the  ijiioges  of  the  one  uliject  can  then  be  made  to 
appear  to  be  close  up  to  one  of  the  images  of  the  other  object 
This  i.s  eeeu  in  Fig.  143,    The  distance  separating  the  two  objects 
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■which  pnxluces  this  effect  will  depend  upon  the  curvature  of 
the  coniea.  Now,  if  in  one  position  of  the  arc,  say  the  hori- 
zontal, the  white  objects  have  been  so  placed  that  the  one  of 
their  corneal  images  exactly  touch,  but  do  not  overlap  each 
other,  and  it  is  found  that  an  overlapping  takes  place  when  the 
arc  is  rotated,  so  as  to  take  up  a  position  at  right  angles  to  its 
former  position,  evidence  is  thus  unbrdod  of  a  difference  in  the 
radius  of  cun-ature  of  the  coniea  in  ditt'erent  meridians,  t.c., 
of  corneal  astigiuatisiu.  In  Javal's  instrument  while  the 
one  ol»ject   is   I'ectangular,  the  other  is   so   shaped,  in  steps. 


Fig.  14&.  —  Placido's  disc,  ^  diameter. 

that  for  Gveiy  step  overlapping  in  the  merithan  of  gretitest 
curvature  tliere  com*sponds  one  <lioptre  of  astigmatism.  Tliis 
is  shown  in  Fig.  144,  whieli  represents  4  dioptres  of  corneal 
astigmatism. 

Javal's  optometer,  fcliougli  affording  a  simple  and  trust- 
worthy means  of  calcidating  the  amount  of  astigmatism,  has 
the  disadvantuj^e  of  I)eing  expensive,  Placido  lias  devised  a 
simple  method,  by  which,  however,  only  qualitative  results  are 
obtained,  and  the  directions   of  greatest  and  least  curvature 


SS7        REFRACTION  AND  ACCOMMODATION. 


shown  at  a  glance.     It  consists  of  a  piece  of  crtnUxiaH  r.r  stwrt 
till  8  to  10  inches  in  diameter,  on  which  a  number  of  altemaldf 
bliKik  und  wliitt^  wmi-L'.nt-nr  circular  liandH  aiv  juiinlt^l  fnmi  I  ti* 
J  an  inch  in  breadth.     A  small  hole  is  pierced  in  the  milre 
of  the  disc,  and  the  a[>par]ituK  is  used  in   the  fdlluwing  way  :- 
T!»e  iiidinduul  to  1^  tested  is  jdaced  with   his  buck  i*» 
wintlow,  and  directed  to  look  at  the  u^ntre  of  the  disc,  whu-h 
held  in  the  oliserver's  hand  and  clost?  U}>  to  Ids  own  evf. 
at  a  convenient  diaUmce,  not  clDser  than   the  obscn**!'*  n«r 
point  from  the  eye  of  the  individual  examined.     Tlie  iiljf*:n»T 
sees  through  the  hole  in  the  »Usc  the  inmge  «>f  the  coiwfuLric 
rings,  which,  if  there  be  no  astigmatisin,  ap]»ear  circular;  Iml 
if  the  curvature  of  tlie  cornea  l>e  different  in  different  dirf^ii'im 
are  elliptical  in  shape,  the  louj^'  axis,  or  the  direction  in  which 
the  image  is  largest,  eorresponding  with  timt  of  least,  tbf  sliurt 
with  that  of  greatest,  corneal  curvature.     If  there  l»e  irrf;:^ 
eoi-ucid  astigmatism^  it  is  very  )>eautifidly  seen  by  the  ust* 
such  a  disc.     Care  must  of  co\irse  In?  taken  in  using  ri:jc:(Ji 
disc  that  its  plane  is  at  right  angles  bith  to  tfie  vertitAl 
horizoutal  planes  through  the  eye. 

Many  other  subjective  aa  well  as  objective  teot^  fur  nstignijt 
are,  orhavti  been,  in  \\9^^  aiiijie  <»f  which  nc***!  nidy  t<i  Iv  irfcnvJ 
here,  ju*  ihe  result*  an*  less  sjitisfactory,  or  are  uidy  iirri%*«l  nl  )i) 
cxptndittin'  of  mort;  tiuit?  than  by  \\\v  application  of  -iiidj  as  lw\r  l« 
fully  I'xpkinod.     i\\  the  subjective  te^ts  more  or  Ifss  in  tiH',  mn 
mentioned  the  iiu»th(Kl  by  the  um*  of  Btrnnpnir  fllitfi,  which  roDnists 
d^'terniinirig  by  means  of  n  narrow  slit  in  fntnt  of  the  eye  the  |«"^S 
in  which  visinu  \^  mofit  acut-e,  and  then  taking  as  a  measuiv?  of 
degree   of  ostigmatisni    the   leuA   whoBe    focjd   strength    e«]iuli 
difference   between   that   which   corrects  in   this    |H>siti<JU,  anJ 
wliich  corrects  for  the  jmsition  of  the  slit  at  right  uii  ' 
This  method  is  principally  defective  on  account  of  Mm 
tiiere  in  to  aceumiiiodate  to  different  extenti?  for  the  iiiiii mil  j-wl 
of  the  slit.     Then  there  is  TwewJy's  opUtmeter,  eonstritotetl  *in  a 
ciple,  first  UHtd  by  Juvid,  width  consists  in  lirst  dit 
tance  at  wliicli  with  any  partieiilar  convex  lens  a  lin<    . 
the  principal  meridians  of  the  eye  is  slmrjily  defined,  and  aftein.iph 
distance  at  which  a  line  at  right  angles  to  the  first  is  pri»|»tTly  f'" ' 
From  the  difference  between  tliese  two  tliatanceti  tlie  degree  of 
mutism   is  eaJenlated.      This  metluKl  is  diflicull,  on  arcoimt  of 
difficulty  of  being  sure  that  the  test  lines  are  really  pMiierlv  f>*^i 
but  it  is  not  altogether  free  from  the  difficulty  *»f  securing 
amount  of  accommodation  throughout  the  examinatioiL 
which  consiat«  of  a  concave  and  convex  cylinder  of  equal 
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txi«  of  which  may  he  placetl  m  any  position  relative  to  oftcli  other, 
anil  thereby  produce  the  effect  of  cyliiidei-s  of  varjiug  8tn?ngtha,  has 
ihis  (IrffTt,  that  although  eai«iljle  of  correcting  tlie  astigmjilifliii,  it  does 
»o  hy  producing  the  effect  <»f  a  cfmvex  glasa  in  oin'  meridian  aud  a 
concave  in  the  other.  Of  ohjective  methods,  one  fr(>(]urnlly  atU'nipl*'d 
i«  that  of  d«?ternuning  the  rofractinn  with  the  ophthidnmscope  (erect 
image),  first  for  ve,<welfl  jtamlld  with  one  meridian,  and  aftcrwardi? 
for  v«'-sst*hj  jmrulUd  witli  the  meridian  at  right  angles  to  the  Hi-st.  Tliis 
metho«l  ii(  not  imly  tedious,  and  only  |K>ssihle  after  coiLsiderable  prjictice, 
but  is  even  more  uncertain  in  it«  results  thjin  when  iisexl  fi>r  the 
estimation  of  tlie  degrees  of  ametropia. 

It  is  usually  the  vertiwil  meridian,  or  some  meridian  not  far 
from  the  vertical  on  either  side,  which  is  most  curved,  and 
therefi)re  the  most  myopic  or  least  hypennetropic  meridian ; 
but  the  exceptions  to  this  rule  are  numerous.  Sometimes  the 
ametropic  uieridiaus  lie  at  right  iiu*flea  to  each  other  iu  the  two 
eyes,  so  that  much  of  the  visual  defect  in  eitlier  eye  is  made  up 
for  wlien  both  eyes  are  used  together.  Tlie  anioimt  of  astigma- 
tism is  more  frequently  ditterent  in  the  two  eyes.  Though 
often  the  same,  it  is  not  always  exactly  so  for  near  as  for 
distant  \ision.  Even  when,  as  is  most  frequently  the  case,  no 
appreciable  difference  in  the  astigmatism  of  the  uuuccommo- 
dated  OX'  accommodated  eye  exists,  it  is  not  always  the  cylinder 
which  admits  of  the  best  tlist^tut  vision  that  is  found  most 
suitable  for  near  vision.  Many,  for  instance,  and  especially  if 
they  are  over  thirty  years  of  age,  whose  myopic  astigmatism  \a 
corrected  by  a  coiicaA'e  cylinder,  prefer  to  use  a  convt'X  one  for 
reading,  witli  the  axis  at  right  angles  to  the  position  iu  which 
the  concave  one  has  to  be  placed.  The  effect  of  this  is,  of 
course,  to  i*ender  the  enunctropic,  or  uiom  neurly  eiiiuietropic, 
meridian  as  myopic  as  the  other,  and  not  to  neutralise  the 
myopic  meridian.  The  cause  of  this  preference  is  not  always, 
or  even  most  frcijuently,  eotim^cted  with  a  habit  of  accom- 
modjiting  for  a  distance  at  wliich  the  rays  passing  through  tlie 
meridian  of  greatest  curvature  are  focussed,  as  might  l>e 
sup|>osed,  as  generally  there  is  a  preference  given  Ix^th  for 
dLstant  and  near  vision  for  the  focussing  of  lines  in  the  same 
direction.  It  is  prolwdily  due  to  its  introducing  a  more  com- 
fortable relation  l>etween  accommodation  and  convergence. 
Most  young  indivi(hmls  with  myopic  astigmatism  seem  to  prefer, 
however,  concave  cylinders  Ixith  for  distant  aud  neiir  work. 
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The  higher  degrees  of  astigmatisui  (above  4*0  D)  are  wl  , 
wiiumon.     The  highest  I  have  met  with  tis  a  coagenital  condi- 
tion, has  been  8-0  D,  but  still  higher  occur.     lu  by  far  ibu 
greatest  number  of  cases  which  call  for  correction  the  aiaoont 
is  from  1*0  u>  4'0  D. 

Fixiin  what  has  l>een  already  said,  it  will  readily  be  uudcr- 
stood  that  the  amount  of  improvement  got  by  cylindrical  cor- 
rection varies  very  much  in  ditterent  cases^  as  this  depends  on 
the  direction  of  the  astigmatism,  tlie  intelligence  of  the  indi- 
vidual, and  the  amount  of  possible  visual  acuity  in  eacli  cast 

To  imdorstiind  the  UAturo.  of  refraction  in  an  lustigraatic  ptc,  w 
m^ist  consider  what  iiiuyt  )to  the  coui>e  of  tho  rays  procettUng  ht'tn  a 
point  ftftrr  refraction  at  n  surfare,  tlje  curvnture  of  •which  liiffen  ia 
different  directions.  In  Fig.  146  let  SS'  and  otj-'  be  reijj»ectiv»»|T  tiw 
nieridians  of  grentci*!  and  least  curvature,  SS'  being  vertical  ami  «w* 


Vxc.  146. 


Iiorizoniiil.  Now,  if  wp  t*ike  tlie  rays  from  on  intinitfly  distant 
wliicli  are  refracted  in  tliese  nii^ridimis,  we  have/',  «nd/'j  the 
tive  foci  of  such  rays  lying  at  a  rlefinitc  distance*  frotu  the  surficr. 
The  interval  8e]>ttrating./*',  and./'g  is  cjdled  the/rVdi  itj/ctto/.  At '| 
a  linrizontal  ilistance,  x  ij^  seiwrates  the  extivme  raya  refracU*«l  tlifough 
the  meridian  cnr',  and  at/'j  u  vertical  distance,  x  i/*,  Re])arHte$  ihf  eitwmfi , 
mys  refracted  througlx  tiie  surface  in  tlie  plane  of  S8  after  tli^T  Im"  I 
nu't  and  croBBod  at/'j.  x  ij  is  called  the  at^erifir /t)ca2  line  koA  t  J 
the  jKNderior  fat^al  lin^  of  the  refracting  surface.  It  can  be  A^i^ 
tliiU  all  rays  from  the  tlirttjuit  point  pass  thrriugh  tliese  two  fiical  lin<*i : 
or  more  ff>rrectly  through  elongated  figure  of  8  areas  which  may  riA- 
ciently  a[)|iroxiniately  be  looked  upon  as  lines.  Thei«^  lines  art  thfit- 
fore  the  aectioiw,  at  tlie  distance*  of  the  fo<'i  of  the  principal  niL'ridiAi*. 
of  the  circular  ])iujdle  of  rays  whicli  meets  the  eurfac*  itandli'l  "ith 
its  axis.  At  other  distance^^  this  section  has  another  form,  ant!  fn™ 
being  a  horirontal  Imc,  becomes  miccessivejy  an  eJli|»e  with  tb«  l*wg 
nxi?  horizontal,  a  circle,  an  ollifwo  with  the  long  axis  vertirjil,  AtA  i 
vertical  line.  These  ft>rms  ctf  tlie  section  of  refracted  rtiysare  ii 
iii  the  figure. 
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Ithout  intrwluciiig  any  great  error,  we  may  take  ab  —  aP^z^ 
_z__   ^v'_ 


That  ii?,  the  anterior  ftK-al  line  is  to  the  posterior  foeal  liiic  us  the  short 

focus    is   to  the  long.     The  anterior  focal  line  is  therefore  always 

fihortcr  than  the  pt^stcrior.      The  ix>sition  of  tlie  circular  section  is 

therefore  nearer  tlie  anterior  than  the  posterior  focus.     If  we  call 

tlic  diameter  of  the  circle  //,  ajid  ite  (li^staJ^ce  fpjui/',,  Wj,  and  frt>m 

^n«  we  have 

d        X  //'        ,    d 
and  — - 


1  '  a 


iJL. 

IVom  this  we  see  that  the  greater  the  difference  in  the  two  focal  dis- 
tAnce8  the  nearer  relatively  does  the  circle  of  diffusion  lie  to  the 
anterior  focu«. 

Only  the  niys  refracted  in  the  planes  in  wliich  tl»e  centre*  of  cur\'a- 
ture  of  the  two  i)rinri]ml  nieridifui-s  lie  meet  at  a  jxtint.  It  is  for  this 
reoflon  that  the  ineridiann  of  greaterit  and  legist  curviiture  are  calletl  tho 
principal  meTidian».  Tlia*w.  rays  w}iicl»  meet  the  siirfaee  along  any 
oih<T  meriilian  ftass  each  other  without  cutting,  for  the  reason  that 
the  uormaLs  to  all  other  meridians  do  not  lie  in  the  same  plane.  On 
this  account  an  astigmatic  eye,  whatever  the  (maition  of  the  astigma- 
^nsn,  can  only  1>c  accurately  focussctl  for  lines  in  two  directions  which 

^^^  at  right  angles  to  each  other. 

1^^  One  effect  of  cylindricid  u(tnx'ction  ih  that  thi*  magnification  of  the 
retinal  image  is  unequal  in  the  Tiion<linns  Uw  which  tJie  cornjction  is 
made.  That  this  is  the  case  will  l>e  apparent  T>y  reference  to  the 
remarks  on  relative  visual  acuity  at  p.  531.  A  curvature  myopia  may 
Ym.  lo<:ikeil  upt'U  jis  giving  rise  to  the  simic  shortening  of  the  anterior 
fociU  distiuice  (cumparwi  with  that  of  tiio  typically  laiilt  emmBti*opic 
py**)  as  is  caused  by  an  accommodative  myopia  of  the  same  degree. 
Tlie  alisolute  \isuul  acuity  in  the  myopic  meridinu  in  the  case  of 
myojiic  astigmatism,  correctc<l  by  a  cylinder  at  the  anterior  fot-us  of 
that  meridian,  will  \x.  less  than  tin*  alisfdute  acuity  of  the  emmetropic 
meridian.  Tliis  difference  will  lU  jH-nd  \\\n-)\\  the  degree  of  aHtigmatism. 
It  will  be  equid  to  the  difference  l»et\veen  the  relative  acuity  of 
au  emmetropic  eye,  accommodated  fi»r  a  distance  correfli»onding  to  the 
far  jKiint  of  the  myopic  meridian  of  the  astigmatic  eye,  and  the  alwolute 
acuity  of  the  some  emmetropic  fye. 

In  myopic  astigmatism,  the  cylindricid  correction,  therefore,  pro- 
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duces  a  dimimition  of  the  inia^jp  in  tlie  inyo|n*c  meridian,  iw  «>mj«ni 
■\vitb  thiit  of  the  lueridinn  nt  right  angles  to  it.     Fur  a  siimlar  ivajiai 
the   cyliiidrical  correction   iu   hypfmietrnpic   uHtipijati^ra  l*?»d3  to* 
lUfiKnilicatiou  of  the  imnge  in  th<*  hyjKTUietropic  nicriiii/m.     li  wtiold 
thu3  uppt^ur  that,  as  has  recently  N'wi  [M»int4.Hl  out  by  OtilUtiund.  tir« 
must  Iv  a  difference  between  the  fiiaw  of  the  ivtinal  ini%*f^  f«mifll(* 
cylindrical  corroclion,  of  tHjually  Lirgf?  olijectt*  hy  thr  mrriiliai»<rf 
giviitost  and  Uiiist  curvatur»%  anHniiitiiijj  to  snnn^thin^  lik**  U  |»'rc«iL 
for  every  dioptre*  of  astigmatism.     In  tht-  case  of  siuipl*?  .islipiaUisnL 
this  <liliV'ren(;c  may,  tf>  a  slight  cxtput,  lie  lesseninl  In'  brinyiiui  ibr 
cylinder  close  to  the  eye.     In  compound   astigmatism   llifilvg^wto 
which  thin  in  pr>8Ailile  with  u  spheriMiylimbituil  curTvcUnn  cooU  \m9^ 
)>i  appreciable. 

It  i«  no  dv»ubt  greatly  owing  t<i  this  difference  of  mJigriiticAlii*  in 
different  meridbinfl  that  Jistigniatic  individuals  sec  object*  ilitftrmllv 
un  proj>er  correction  than  they  do  without  correction,  e.^.,  t\jr\tA 
appear  more  or  le^s  distinctly  eilipduol,  squares  longer  in  ou«  dirvctMi 
than  another,  &c. 

Regidar  ut<tigm;itisni  is,  as  has  1x*en  sjiid,  mainly  comraL  Hi^  tMal 
amotint  of  luitigrnatism  found  on  a  complete  sul>jective  examiiuti'io 
mrely,  however,  coiucidej?  with  that  wliich  the  inejLsuremcjit  iA  can*- 
turn  of  the  principal  meridijuis  of  the  cornea  by  mejins  of  the  ii{»Lthal- 
momoter  enables  one  ^5  calculate  as  the  degree  of  conical  iistigm*ii.«ift 
Tlien?  are  several  reiisons  for  this.  One  which  has  l»eeu  li>ng  knu»Ti 
since  Thomas  Young  demiuistratetl  the  existence  of  it  iu  hi*  own  m  i* 
a  certain  ilegree  of  Icniintlar  (uttifjnutdtmi  iKuulen*  found  that  the 
jmtij^MriiLisiii  (Uu?  to  the  crystalline  lens  genrrally  tended  ia  coaut**Twt 
the  coiiieiJ  astigmatism.  It  dews  so  when,  us  is  the  rule  (see  p  5A3), 
the  vertical  meridian  of  tlie  cornea  has  the  greatest  cin*vaturc.  On  tin* 
other  hand,  in  corneal  astigmatism  contrary  to  the  rule,  tlinl  cauiswi 
by  the  lens  leads  to  on  additional  amount.  For  t)ic  same  reosiMi  tlv^i^ 
may  be  astigmatism  found  subjectively  where  there  is  a  corajJrU 
absi*nce  of  corneal  iistigmatism. 

lenticular  lustigmatism,  whether  it  be  manifest  or  miusked  by  a  «<4i* 
trary  corneal  astigmatism,  is  very  rarely  indeed  at  idl  high.  It  i«  Ju'' 
to  a  certaiji  amount  of  obliquity  of  the  lens  wliosc  iixis  d(»es  uol  n>in- 
eide  but  makes  aii  angle  with  tlie  visuid  axi.«.  This  angle  i.**  ^Tv*tr>l 
in  the  horizonUd  plane.  Tscherning,  who  has  recently  measiiwl  it  m 
a  nunilxT  of  eyea,  finds  that  it  varies  aa  a  nilc  fr*tm  3'  to  7'.  Tb* 
astigmatism  produced  by  the  greater  obliquify  is  not  much  mote  thin 
\  of  a  dioptre. 

^  Another  eircuniatimce  wliich  leads  Xa>  the  corneal  a*tigm»ti«a,  • 
estimated  by  the  oi»hthalmome(-er,  not  eorresjKintling  t*i  the  3ubj«flTi! 
or  what  might  be  called  the  clinical  ilegree  of  astigmatism,  oii«s  too, 
which  is  ajiparently  of  greater  iraporUmce  than  the  lenticular  ■^ligBl*- 
tism,  is  the  irn'gularity  in  the  aniiaint  of  curvature  at  iliffercnl  ptfl* 
of  the  coniea.  As  a  consetjupuee  of  this,  the  degree  (tf  jiMigtnAtBii) 
neceBSJirily  varies  with  the  size  of  the  puj>il,  afl  was  first  p<»inte<l  ""* 
by  Tacherning.     Tliat  determined  by  the  ophthabnomoter,  on  the  other 
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hanil,  ifi  the  snnie  for  the  Home  eye  wli.itever  l>e  the  «ize  of  tlie  [tupU, 
as  the  reflections  from  which  it  is  tleijnre*!  alwajs  take  place  from  the 
aame  p4:fint8  on  the  cornea ;  from  ^rnnll  areas  not  very  far  removed 
hxas\^  and  on  either  aide  of,  the  ptjint  at  which  the  visuiU  axin  cuts  the 
corneal.  The  oatigmatism,  a*  sh<>wn  hv  the  ophthalmometer,  is  in  fact 
that  whirh  wnuld  lie  prfKluce*!  by  the  ilifferences  of  curvature  of  a 
narritw  zttniilfir  portion  of  the  cornea  (of  2  X/y  3  mm.  in  diameter) 
giirrnnnding  the  visual  axis.  The  measuremeute  mwlc  by  Helmholtz 
and  «»therH  with  tlie  original  ophthalmometer  led  to  tht^  roncJusion  that 
the  durfuce  of  the  (*oniea  of  a  nou-afitigniatic  eye  wtw  suthcieuily  ap- 
pn>ximfttely  an  elli|v*oid  of  revoliiti<in,  whilr  tlmt  of  an  asti^iatic  eye 
was  ellipsoidal.  The  calculatinns  which  le<l  to  thid  conclusion  were 
hoaeil  on  only  a  few  meti^ureiuent^  iit  different  jmuIb  of  the  cornea. 
As  the  vij*ual  axis  was  not,  as  u  rule,  found  to  coincide  with  the 
imtero- posterior  axes  of  the  ellipsoid,  the  angle  formed  between  thc»e 
two  axes  receive*!  the  name  angle  a.  Quite  recent  measurements  made 
by  SuUer  with  the  more  easily  mantptdated  ophthalmometer  of  Java! 
havft  clearly  shown  that  the  form  hitherto  assumed  for  the  cornea  is 
not  that  which  it  really  presenta^  With  Javal's  instrument  it  is  ea«y 
to  determine  the  curvature  with  ^eat  accuracy  at  many  different 
points.  TIk'  result  of  Sidzer's  examination  has  been  to  show  that  in 
non-astigmatic  eyes  the  central  portion  of  the  cornea  is  very  appnixi- 
mately  spheroidid.  At  about  15',  or  on  an  average  2  mm.  from  the 
point  at  whicli  the  cornea  is  cut  by  the  visual  axis,  a  pretty  abnipt 
increase  in  its  nuiius  of  curvature  Ijcgina  to  take  place.  Fn>m  here 
ouwanis  lowahls  the  iK?ripher}*,  the  cornea  is  more  nearly  ellijwoidal, 
the  eccentricity  of  the  ellip64:tid  at  any  p>oiiit  increasing  on  passing 
towards  the  margin.  There  is  further  to  be  found  a  degree  of  want 
of  ej'mmetry  iii  the  coniea,  as  tiiere  doea  not  ap]x?ar  to  be  \s\\  cipial 
amount  of  diminution  of  curvature  for  equal  distances  along  the  two 
princii>al  meridians,  or  even  for  equal  distances  idong  the  two  halves 
of  the  same  meridiim. 

Tlie  extent  to  which  these  peculiarities  of  shape  which  characterise 
the  great  majority  of  c(*mejE  influence  tlie  t^^tal  degree,  of  astigmatism, 
ajs  compared  with  that  found  with  tlie  ophthalmometer,  defwnda  uptm 
[    the  size  of  the  pupil,  and  upon  the  degree  of  it«  decentrati<m.     Sulzer 
I  fomid  the  centre  of  the  pupil  situut-iMl,  a.s  a  nde,  from  li"  to  9\  or 
■£h   the   average   5^   to   the   temiK^ind   niile   of   the   visual   axis.      The 
^^■DaI  eflert  of  the  summation  of  tlte  different  degreea  of  a.Mtigmuti8ni 
at  different  (uirts  of  the  pupillary  area  of  the  cornea  was  fountl  to 
lie  a«  follows: — (1.)  That  in  eyes  which  do  not  show  any  astigma- 
tism with  the  ophtiudmometer.  there  is  found  subjertively  a  slight 
dtfgree  of  astigmatism  contrary  to  the  ndo.     (2.)  That  in  eyes  showing 
wiUi    the  ophtlialmometer  a   low  or  moderate  amount  of  ordinary 
astigmatism,  the  suitjective  HstignmtiKin  is  found  to  lie  less,  altogether 
alisent   or  contrary   to   the   rule   accori-ling   to  the   ophthulniometrie 
amount,  the  degree  of  conieid  ai*ymmetry,  tlie  size  of  the  pupil,  luid 
the  extent  of  its  decentratiou.     (3.)  That  in  eyes  showing  with  the 
ophthalmometer  an  astigmatism  contrary  to  the  rule,  there  is  found 
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awbjeclivfly  a  lumber  amount  of  tlie  same  vurioly  uf  ustigiiutaaa. , 
owing  to  the  influence  of  the  t<an])oral  i>ortions  of  thr  coniit  fi* 
which  thi?  astigrnntism  is  more  pronounced  ;  ami  (4.)  That  in  v^rp 
showing  Mith  the  ophthahnometer  u  high  degrpf*  of  ordinan'  asngm- 
tisni,  the  subjective  aKtigwatism  is  often  found  to  l»e  (?veu  lugh«. 

Very  soon  after  the  ophtbiibuonit?ter  eanw^  to  l»e  genHwUv  ii»!b 
a  clinical   instrunient,   the   differt-nce   l)etwfen    thr   df^^n*  'if  tu(al 
iiBtigniaLism    x\»   dcterminetl    subjectively   tind    that   found  vilh  tir 
(iplithahuomcter  attracted  attention.     The  exphmntion  (itrt  pren  In 
Juvttl,  and  onts  which  seem.s  notwitlmtanding  it*  a  j/riori  im;  v 
to  have  received  iin  astonishing  mnount  of  stipjmrt,  w*s  ;; 
irregxdar  or  tmeipiid  contraction  of  the  ciliarj'  mue^le,  tht-  Ji-u»<'^ 
be  renilerf;d  U:*  w  certjiin  extent  astigmatic^  so  ««  in  Himo  d»vr^  t" 
overcome  the  c/>ructtl  aatignnUism.     Before  the  ipif^sliuu  us  tn  wbfth^ 
such  imrlial  contracti<tns  of  the  ciliarj'  mu»cl«  reidly  take  plac*  or  ii'4 
mil  be  definitely  snatled,  oi>bthalmonietric  nie^wurenicnta  of  the  cirr- 
tun>  of  the  lens  at  ditferenl  |HiiuUs  of  its  surface  will  have  to  Ir  nudt. 
Tewheniing  hats  however,  pretty  clearly  shown,  nmi  his  view  hw  Unk. 
contirmed  by  Sul/er,  that  the  diifereuo^is  in  question  are  mtunl^  dur  ti> 
the  shape  of  the  cornea  itself. 

Tlie  importance  of  a  pcinsidemtion  of  this  subjwt  at  all,  «ptft  fniu 
its  scientihc  iutt-rept,  lie-**  in  the  prurticul  cUiiical  deijuciitiii8  whirli 
have  been  mail»>  on  the  assumption  of  the  eorriM-iur^ss  of  .I.i\t!i 
4ixpliuiation.  It  has  K'cu  heM,  for  instanct-,  tlmt  the  ^u[l(^'^  1 
irn^gidar  (^ontnictions  of  the  ciliary  muwde,  iiitbice*!  in  the  ilfcn  t 
contract  a  conieid  Jistigmatism,  are  elfectcHl  with  an  amount  •>(  »trit  i 
which  gives  rise  U)  headache  and  i>ther  nervous!  di«t\irl«iiM'>N  l«  i 
f.-ndency  t-o  incrcAse  nf  myopia,  and  even  to  corneid  iurtiumuiiiions. 

Heudacheif  due  to  agti'jmaimn. — While  there  can  U'  hltle  d^nU 
that  in  some,  way  or  other  astignialism  may  give  rise  lo  h'-^'^''^"*-  '* 
is  equally  certain  that  its  influence  in  this  rvs]»ect  has  1" 
exaggeratwl.  In  my  experience^  cases  of  astiginati«m  cimiMi*  i--  u- 
rule  are  more  likely  than  the  more  common  vnripty  to  caiwr  bwnl- 
«che.     Tlie  iiiyher  the  degrue  of  astigmatisrut  and  lb*  '  f -liw 

the  vision  either  [)roduced  by  or  accimijianying  the  mfi 

the  more  likely  is  headache  t*j  l>p  complained  of.  In  1i'm1ui\  iU'li* 
viduals  n  aliglit  degree  of  astigmatism  up  to  1'5  1>  is  n.it  at  all  lil»'*l) 
to  causo  persistent  headache.  Li  delicate,  overworked,  u^nrii'" 
pcopltj,  on  tlie  itther  hand,  it  certaiidy  seems  as  if  the  inconvrmvi'r' 
caused  by  even  a  comparatively  trifling  astigmatism  may  l<*nd  tu  \rvy 
u[»  the  heatlaelies  of  which  they  arc  apt  to  complain.  In  such  'a*^ 
it  i«  right  that  the  pniiter  correction  sliould  1n>  worn,  ev^n  ullhoii?*! 
one  must  be  jircpared  often  to  find  little  l^euetit  obttuuM  by  it. 


1 


Triie*»ular  Astuj^UTISM. — A  want  of  symmetry  in  lUI 
vaturo  of  the  Ictitieulur  or  corneal  Hurfaces  gives  riso  lo  ii 
astigmatism.       This    condition    may  be   eillier   amgviiilal  <t 
acquired.     Tlie  eongeuiud  is  mostly  4lej>eudeni  upon  flbtntnuil 
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cimditious  of  the  crystalline  lens;  the  acquired  form,  on  the 
other  hand,  is  nminlj  the  result  of  alterations  in  the  conieal 
curvature  caused  liv  cicatricial  contractions  following  inttani- 
mations  of  that  structure.  Irregular  astigmatism  from  partial 
diskication  of  tlie  lens  is  tx^casionally  met  with,  and  in  such 
coses  the  refractive  anomaly  is  partly  due  to  the  uuBymmetrical 
curvature,  and  jwirtly,  as  T  Imve  seen  in  some  cases,  to  a  wrink- 
Uug  >»f  the  lens  capsule. 

The  lenticular  form,  wliether  c^mgenital  or  acquired,  is  often 
luon?  pronounce<l  for  near  vision,  the  defects  of  the  lens  heing 
mon»  marked  wlicn  it  has  undergi»ne  an  acconiiucHlative  change. 
Tl»e  sclerosis,  which  takes  ])lace,  t<x>,  in  the  lens  as  age  advances, 
lends  to  increase  the  existing  defects  on  which  the  irregular 
astigmatism  depends.  This  ahnonniility,  l>csides  producing  more 
or  less  defective  visual  acuity,  is  occasionally  usst?ciated  with  the 
consciousness  *tf  distorteil  vision  (metamorj)hop8ia)  as  well  as 
with  polyopia. 


Fio.  147. 


-Divtortion  of  PlActiUi'd  ring«  un  re6ectioii  from  a  cornen 
wttti  irrx-gtiUr  AMti^'^matiftin. 


Irregular  astigmatism  does  not  admit  of  uptiud  c*»rrectioHj 
though  many  eyes  whicli  cxhihit  this  defect  arc  greatly  improved 
by  8j>herical  or  cylindrical  lenses,  owing  to  the  co-existence  of 
the  moi-e  regular  anonudies  of  refraction.  Sometimes  a  ateno]^kaie 
aperture  opjiosite  some  particular  portion  of  the  cnrncu  eilecta 
an  improvement.  According  to  liaehlnuiiin,  the  weaker  num- 
bers of  the  hyperbolic  lenses  introduced  by  him  for  the  correction 
of  conical  cornea  are  capable  of  improving  the  vision  in  some 
cases.  My  own  experience,  so  far.  with  these  lenses  in  irregular 
astigmatism  has  not  been  encouraging. 

Tlie  diagnosis  is  readily  made  hy  the  ophthalmoscope  by  tlie 
indirect  method  of  examination.  Un  withdrawing  or  approach- 
ing the  auxiliary  lens  to  the  eye,  the  papilla  is  observed  to 
assume  various  irregular  shapes,  giving  rise  to  an  apiK^nrance 
quite  characteristic  of  this  condition.  If  the  irregidar  astig- 
matism he  corneal,  it  is  beautifully  seen  by  the  use  of  Placido's 
disc,  with  which  instrument  it  is  easy  at  the  same  time  to  dis- 


visual  axes  on  it  is  so  sliglit  (not 
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cover  the  portion  of  tlie  coruea,  if  auy  such  portion  existSv 
which  the  cun^ature  is  least  abnormal. 


COXVEROKNCE. 

When  an  object  situated  at  6  metres  distance  is  fixed  by 
fovea?  of  Iwith  eyes  ut  the  same  time,  the  amvergence  of  the 


A  d^:ree)  that  Uiey  may 


be  considered  parallel.  When  nearer  and  nearer  objecta  are 
tixed.  a  greater  and  greater  convergence  of  the  visnal  axes  Utkes 
place.  For  an  object  at  a  distance  of  1  metre  from  either  eye, 
the  angle  at  which  the  axes  meet  ia  almost  3^',  for  distances  of 
\  and  5  metre  it  is  respectively  T"*  and  lOi  .  Yet  \ip  to  this 
point  the  convergence  which  lias  Uiken  place  is  often  not  very 
apparent,  owing  to  the  very  consitlerable  angular  se(>aratioa 
frequently  existing  between  tlie  corneal  axes  and  the  lines  of 
vision. 

Under  ordinary  conditions  it  is  evident  that  the  rerjuirementa 
of  distinct  vision  necessitate  a  convergence  of  the  visual  axes 
on  the  point  accommodated  for.  In  every  casCi  therefunr,  in 
which  binocular  fixation  takes  place,  there  will  lie  fur  every 
particular  amount  of  accommodative  action  brought  into  play  a 
definite  degree  of  convergence  with  which  this  is  a;KHociateii  A* 
we  are  now  in  the  habit  of  expressing  the  refractive  cbiuige 
whicli  takes  place  on  accommodation  l)y  the  efpiivalcnt  lens  of 
the  metrical  system,  it  seems  advisable  to  follow  Nagel  in  apply- 
ing A  similar  system  of  notation  to  the  degree  of  convergence 
with  which  such  a  change  is  associated.  According  to  Nagel*!! 
notation,  when  the  eyes  converge  to  a  point  1  metrv  di^ttant 
from  either,  the  amount  of  convergence  towards  the  middle  line 
is  taken  to  be  1  mctrr-anffU.  If  the  degree  of  convergence  be 
such  as  to  bring  about  fixation  of  a  point  J,  \i,  |,  or  -^  ol  m 
metre  distant  from  either  eye,  the  convergence  re<juircd  amoants 
respectively  to  2,  'A,  4,  and  10  mcire -angles ;  whilst  a  d«^{rve  of 
convergence  less  than  toward  a  point  1  metre  distant  is  expressed 
as  a  corresponding  fraction  uf  1  metix^-iingle — couvergeDce  to  ft' 
point  at  2  metres  being  k  a  metre-angle,  and  so  on.  We  Iiave 
seen  that,  although  individual  iliHerences  exist  in  this  respect. 
there  \s  no  hard  and  fast  connection  between  the  aAsocialed 
movements  of   accommodation    and    convergence;    so    llmt  a 
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jn  amount  of  accommodation  may  be  maintained  with 
rent  degrees  of  convei^ence.  Just  in  the  same  way  it  is 
lI  that  a  certain  degree  of  convergence  may  be  maintained 
different  amounts  of  accommodation.  In  Fig.  148  the  N 
e  gives  the  maximum,  the  F  curve  the  minimum  conver- 
B  for  every  degree  of  accommodation  in  the  case  of  a  girl  of 
een. 

)bviously  very  different  relations  exist  between  accommoda- 
and  convergence  in  the  case  of  ametropia  from  those  which 
be  looked  upon  as  normal,  and  which  exist  when  both  eyes 
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Fig.  148.— (After  Nagcl.) 

mmetropic.  A  hypermetrope  is  obliged,  if  he  retains  bino- 
'  vision,  to  exercise  more  or  less  accommodation,  according 
e  degree  of  his  defect,  before  he  is  called  upon  to  converge 
I ;  whereas,  on  the  other  hand,  a  myope  is  so  situated  that 
ergence  must  take  place  before  any  accommodative  change 
lied  for.     The  theoretical  and  practical  questions,  raised 

consideration  of  the   manner   in  which  these  associated 
iments  are  connected  in  different  ciises,  are  referred  to  in 
>ter  XVII. 
k>metimes  prisms  are  used  in  the  form  of  spectacles,  alone, 

36 
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or  combined  with  spherical  lenses,  in  order  to  ease  the  move- 
ments of  convergence  or  divergence,  or,  where  these  muvemen**s 
are  enfeebled,  to  stimulate  them.  Their  use  is  limited,  ami  tber 
are  rarely  of  practical  value,  on  account  of  their  weight  ami  the 
chromatic  aberration  and  astigmatism  which  they  prcKlnee  wJien 
at  all  strong. 

The  action  of  transparent  prisms  of  greater  density  tiiau  the 
surrounding  medium,  and  therefore  of  prisms  of  glass  sumnni-ieil 


Fig.  149. — Position  of  prisma  oausini;  adduction  and  diniini.-hiiii 
the  necessity  for  abduction. 


by  air,  is  to  refract  the  rays  of  light  wliich  [tiiss  thronirli  !!;•  -i 
in  such  a  manner  that  their  direction  after  refraction  i.-^  n^'r-' 
towards  the  base  of  the  prism  than  tliat  in  whicli  they  are  iin:- 
deut.  Prisms  with  the  bases  outwards  before  one  or  lHitlM;vi- 
therefore  cause  objects  to  appear  nearer  and  smaller,  owiiii:  t"  a 
greater  degree  of  convergence  being  necessary  to  bring  tlu-  ray-' 
from  them  on  to  both  maculie,  than  wlien  the  prisms  are  ab^at. 
Prisms  with  their  bases  inwards,  on  the  otiicr  hanil.  caiin' 
objects  to  appear  more  distant  and  larger  thfiii  tiiey  an*,  fwiiiu' 
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to  the  convergence  required  for  their  binocular  fixation  being 
lessened.  Prisms  in  the  former  position  therefore  lessen  the 
strain  on  divergent  movements,  and  at  the  same  time  tend  to 
induce  greater  convergent  movements.  Exactly  the  opposite  is 
the  case  when  they  are  placed  in  the  latter  position.  This  will 
le  readily  understood  by  a  reference  to  Figs.  149  and  150,  the 
continuous  line  being  the  direction  of  the  axial  rays  from  the 


Fig.  150. — Position  of  prisms  causing  abduction  and  diminishing 
the  necessity  for  adduction. 

object,  the  dotted  ones  the  direction  in  which  they  appear  to 
come. 

Prisms  of  4'  in  front  of  each  eye  are  alwut  as  strong  as  can 
conveniently  be  worn  in  most  cases.  Under  special  conditions 
considerably  stronger  ones  are  tolerated.  The  angular  deviation 
produced  by  ordinary  glass  prisms  is  equal  to  half  the  angle  of 
the  prism ;  therefore,  with  4*  prisms  in  front  of  each  eye,  the 
deviation  amounts  to  4"  in  all. 

Taking  the  case  where  both  the  angle  formed  by  tlxe  two  surfaces 
of  the  piism,  i.0.  the  angle  of  the  prism,  and  the  angle  of  incidence, 
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are  small,  which  is  the  case  that  occurs  in  practice,  we  may  detemiinf 
the  deviation  in  the  following  way : — 


Fio.  \fA. 


In  Fig.  151  d=  the  deviation,  /  and  r  the  angles  of  inoidonce  ainl 
refraction  at  the  first,  and  %  and  r  those  at  the  second  surface :  « = 
the  angle  of  the  prism,  and  j:  =  lhe  angle  between  the  nonnals  to  tin- 
two  surfaces.     From  the  fijrure  we  see  that 


And 


A  =  /-)•  +  /•'  -  ?' 
=  I  +  /■'  -  a      . 

sin  7= /A  sin  /■ 
^\\\  /•'  =  /i  sin  I . 


(A). 


As  in  tlu'  s]H?(;iul  case  considered  all  these  angles  are  small,  we  it!::v 
write  iux  their  sines  the  angles  themselves  ;  we  liave 

1  =  1*.  r 
and    /*'  =  //  /'. 

Puttin;,'  these  values  in  (A),  we  have 

A  =  /x  (r  +  /')  -  a 

When  ft  =  I -5,  as  in  the  case  of  ordinary  glass, 

?">'.,  the  ftTif/Ie  ft/ fhriation  is  fjual  to  ha// the  awjie  o/fhe 2'n'>tii>. 

liy  decenterinjj  spherical  lenses — that  is,  hy  so  placing  the 
lenses  in  front  of  the  eye  that  tlieir  centres,  instead  of  coinciilini; 
with  the  axes  ()f  vision,  are  more  or  less  displaced  outwards  or 
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invrards — a  prismatic  effect  may  be  combined  with  that  which 
ia  required  for  the  correction  of  errors  of  refraction.  The  effect 
thus  produced  varies  directly  with  the  strength  of  the  glass  and 
the  amount  of  displacement.  In  the  cfise  of  convex  glasses, 
<iisplacement  inwards  towards  the  nose,  and  in  the  case  of 
Concave  glasses  displacement  outwards,  produces  the  effect  of 
abducting  prisms,  i.e.,  prisms  with  their  bases  inwards ;  while 
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displacement  of  convex  glasses  outwards  and  concave  inwards 
is  equivalent  to  adducting  prisms. 

The  increase  in  the  prismatic  equivalent  of  a  spherical  lens,  as 
rays  are  refracted  further  and  further  from  its  axis,  is  seen  by 
drawing  tangents  to  different  points  on  the  surfaces  equidistant  from 
their  conmion  axis.  When  the  two  surfaces  are  of  equal  curvature, 
these  tangents  meet  on  the  prolongation  of  their  common  chon.1,  and 
the  angle  formed  between  them  is  the  angle  of  the  prism  corresponding 
to  the  particular  distance  from  the  axis  (Fig.  152).  To  calculate  the 
deviation  produced  by  any  degree  of  decentering,  we  observe  that 
OCP  —  OXY  =  J  angle  of  prism  (when  the  two  surfaces  are  of 
equal  curvature). 

.',  0  C  P  =  A,  and  z  y,  or  the  amount  of  decentering  may,  without 
introducing  an  appreciable  error,  be  put  =  O  N  =  R  tan  O  C  P  — 
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r  tnii  ^.     Ftittin;;  d  for  xy,  and  /the  focal  distance  of  the  lens  fnr 
R,  we  have 

//^/Un  A. 

Igniting  then  »>  (Fig.  153)  for  half  th«  interocular  distance,  and  / 
for  thp  distance,  alon^  the  middle  line,  from  which  nyv  from  th»' 
point  P  appeur  to  diverge,  we  luive — 

P  f/     ^      .      fft 

/  c 

and  r'  =  r  cos  A,  where  r  is  the  actual  difttancc  o| 
the  point  /^  from  the  eye 


cos 


A. 


Far 


-  nut  ^fc»  '^'>*^  ^^'^  -  P"*  I'A'  ^  deiiot*' 


lively  the  number  of  jnetre  angles  of  convergent**,! 
and  the  lens,  whose  focal  dieitoncc  is  .rj  ainl  tin 
tbrmula  becomes 


M.= 


(/  C4>8  A 


for   th« 
dilitazicc, 


When  J  COS  A  =  ?w,  Mc  =  L*,  the  angle  of 

vergonce  has  the  sauie  metrical  value  as  tTp 
the  rays  which  cctmo  irum  the  distance  (  : 
of  the  len«es  in  front  of  tht?  eyes  Imve  w 
OS  if  they  come  from  a  great  diMancc,  and 
no  cnnvergeuce   of   the   eyr   is   ueccssarj* 
binocular  taxation  nf  an  objwt  at   Uu»l 
Accomnioilatiou  and  convergence  are  aidod  ly  t] 
same  extent.     Practically,  A  being  smalL  coia  A 
80  nearly  =  I,  that  wo  may  consider  M^^L^  wh 
d  =  m — i  e.f  a  decent+ring  of  each  convex  lena  to  llwil 
extent  of  one-half  the  int*>rocuIar  distance  gi%*eA  the 
same  assistance  to  convergence  as  it  docs  to  sccotu- 
mo<lation.     This  L'tfect   is   produced   by   what  aw 
called  orthoscopic  Ifiuses,  or  lensea  which  are  portiomi 

of  a  large  lens,  at  distances  to  either  side  of  its  axis  equal  to  half  the 

interocular  distjmce,  as  reprrwnted  in  Fig.  154. 

As  an  example  of  the  uIhivu  lonnula  for  dtrcentrring,  euppoKi  that 

with  a  o  D  lens  it  is  desired  to  ease  convergence  to  the  extent  of 

1  meti'e  angle,  we  should  have,  putting  cob  A^  1,  and  taking  60 

as  the  interocular  distance — 

6J 
■03 
or  d  =  -006. 
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Tliiil  l-s  each  Ions  would  hnve  to  Le  displaced  inwards  to  the  extent  of 
6  mm.»  ii(>  thnt  iu8t«»d  of  the  dintance  betwi^on  their  centres  being  60 
mm.,  it  would  be  only  48  nun.  A  ainiilar  elFeet  would  be  got  by 
combining  prisms  of  4*  with  tho  spherical  lenses. 

A  number  of  inconveniences  are  experienced  by  the  wearer 
of  spectaclea,  sumo  of  wliioli  depend  on  the  altered  phyaicul, 
olliers  on  thealt4.'red  physinlogical  conditions  which  ore  brought 
about.  Some  of  the  upparent  distortions  complained  of  cannot 
be  referred  to  any  physical  cause,  and  ai-e  in  all  probability,  as 
has  l»een  pf.»inted  out  by  Nagel,  due  to  a  want  of  coincidence 
between  the  point  at  whicli  the  lines  of  external  projection  from 
the  diflTei^ent  parts  of  a  retinal  image  cut  each  otiier,  and  the 
altered  {Kwition  of  the  second  nodal  point  in  th(j  combined 
•ystem  of  eye  and   spectticle.      The  altered  relation   between 
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accommodation  and  convergent  movements,  already  referred  to, 
often  introduces  a  diihculty  when  correcting  glasses  are  first 
n&ed  late  in  adult  life.  Most  of  the  difficulties  experienced 
on  first,  wearing  glasses  disappear,  however,  if  the  glasses  have 
been  properly  chasen  and  are  suitably  placed  in  front  of  the 
eyes. 

Owing  to  the  prismatic  action  of  the  glasses,  the  field  of 
vision  taken  in  by  a  concave  glass  is  larger,  and  at  the  same 
tinie  mote  conipressed ;  that  taken  in  by  a  convex  lens,  on  tlie 
other  hand,  is  smaller  and  more  disjM^sed  tliau  that  seen  through 
a  simple  aperture  of  the  same  size  as  the  glasses.  The  doubling 
whieb  this  produces  in  the  case  of  the  concave  glass  of  objects, 
rays  frum  which  enter  the  pupil  both  past  and  through  the 
glass,  and  the  corresponding  breacli  in  the  continuity  of  the 
field  of  vision  in  the  case  of  convex  lenses,  is.  unless  the  glasses 
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be  small  and  strong,  only  uoticeable  aa  a  loile  M  tttttsnUum 
drawu  to  it. 

From  what  has  been  said  of  the  deceutering  of  leTi.ses,  it  i» 
evideut  tliat  it  is  a  mutter  usually  of  some  imj^ortancc*  to  hove 
the  lenses  properly  centered.  This  cannot  of  course  W  Auwh  at 
the  same  time  for  all  positions  of  the  eye,  but  it  is  seldom  thai 
any  appreciable  interference  with  vision  residts  from  theiibliqoe 
direction  in  which  the  visual  axes  cut  the  lens  on  kM.kiui;  lo 
either  side,  although  moi*e  or  less  astigmatism  is  prodneed  in 
this  way. 

AVhen  the  same  glasses  are  woiii  both  for  a  disLaoce  and 
near,  they  should  be  centered  for  distant  vision.  Beading  gljuwes 
should  be  centereil  for  the  distance  at  wliich  they  «re  used,  and 
should  be  at  the  same  time  slightly  tilted  in  their  frHmos^eo 


Faa.  l&A.— <SligbUy  reduced  in  sue). 

that  instead  of  being  parallel  with  the  face,  they  come  mlher 
nearer  it  below  than  above. 

A  simple  method  of  measui'iug  the  iniej'pupillai-y  tliittance  is 
by  means  of  Snellen's  spectacle  frame  (Fig.  loo),  which  consuls 
of  a  ]wiir  of  plane  glasses  in  an  ordinary  frame,  with  a  vertical 
line  scratched  in  tlie  centre  of  one  ghiss,  and  a  number  of  lintst 
1  millimetre  apart  scratched  on  the  other.  By  putting  these 
on  the  patient's  nose,  and  aiusing  him  to  look  at  a  distance^ 
and  in  such  a  direction  that  with  one's  own  left  eye  tlie  line  on 
the  glass  opposite  his  right  passes  tlirough  the  centre  of  his 
|)upil,  and  then  observing  which  line  on  the  other  gloiis  is  seen 
by  the  right  eye  (on  closing  the  left)  to  be  opposite  the  centre 
of  his  other  pupil,  it  is  easy  to  measure  quickly  the  inter- 
pupillary  distance  with  sufficient  accuracy  for  all  practical 
purposes. 
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Anomaijes  of  Accommodation. 

Reference  has  already  been  made  to  what  may  l>e  called  the 
passive  defects  of  accommodation,  viz.,  those  which  depend  upon 
the  absence  of  a  suitable  alteration  in  the  curvature  of  the 
crystalline  lens  in  response  to  a  definite  contractile  change  in 
the  ciliary  muscle.  The  cliief  defect  of  this  nature — presbyopia 
— ^is  physiological,  inasmuch  as  it  is  a  necessary  consecjueuce  of 
the  manner  in  which  the  growth  of  the  lens  takes  place  under 
normal  conditions.  In  the  various  dislocations  and  sub-luxa- 
tions of  the  lens,  we  have,  on  the  other  hand,  the  chief  causes  of 
pathological  passive  defects  of  accommodation. 

More  active  accommodative  defects  arise  from  an  inter- 
ference with  the  function  of  the  ciliary  muscle.  That  nmscle 
may  be  incapable  of  contracting  at  all,  or  its  contractile  power 
may  ]>e  weakened. 

Paralysis  of  Accmnirwdation. — Complete  paralysis  is  almost 
invariably  the  result  of  some  lesion  of  the  third  nerve.  Paresis, 
on  the  other  hand,  may  be  either  a  muscular  or  an  innervation 
weakness. 

Associated  with  complete  paralysis  we  usually  find,  at  all 
events,  paralytic  dilatation  of  the  pupil;  not  infrequently  also 
paralysis  of  the  oculo-motor  muscles  supplied  by  the  third 
nerve.  These  different  paralyses  are  not  so  often  found  co-exist- 
ing with  partial  paralysis  of  accommodation.  Sometimes,  how- 
ever, there  as  at  the  same  time  a  degree  of  ])aresis,  or  even 
complete  paralysis  of  convergent  movement,  a  movement  whicli 
is  usually  associated  with  active  changes  of  accommodation. 

Roughly  speaking,  the  affection  which  leads  to  paralysis  of 
accommodation  may  be  either  central  or  peripheral.  For 
instance,  the  paralysis  may  be  one  of  the  symptoms  of  all 
lesions  of  the  brain — injuries,  inflammations,  tumours — which 
involve  either  the  trunk  or  nucleus  of  the  third  nerve.  Siniilar 
affections  of  the  orbit,  too,  may,  by  involving  some  or  all  of  the 
branches  of  the  third,  cause  interference  with  the  power  of  the 
ciliary  muscle.  A  peripheral  neuritis  on  the  one  hand,  and 
disease  limited  to  that  portion  of  the  third  nerve  nucleus  in 
which  is  the  accommodation  centre  on  the  other,  may  be  the 
cause  of  paresis  of  accommodation  alone. 

Two  of  the  most  interesting  clinical  forms  of  isolated  accoui- 
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iDodation  paralysis  are  the  cases  following  concunou  of 
l»i*nin  and  ilipliUieria.  I  liave  seen  several  cases  of  more  or 
pronounced  partisis  of  ncconuuodatiou  after  railway  arcKltnli! 
The  ejcistence  of  snch  a  paresis  may  indeed  prove  to  Us  th» 
most  itn]>ortant  evidence  of  shock  sustained.  In  the*^*tcfi 
woiunn  who  was  foi-  sonie  nu>nths  a  [uitient  in  Uio  Koralj 
Intirmary,  almost  complete  paralji^is  of  aeconunotlntion 
nppnr-^iitly  the  only  pcrnmnent  injury  resnltiu>r  from  a  fall 
an  e.vpi*e.ss  train  travelUnj:;  at  the  rate  of  forty-Hve  miles  an  hont] 

Paralysis  of  aecoinmwlation  following  diphtheria  is  of  pivay( 
common  occurrence.     It  is  probably  alwaj-s  bilateral,  and  roHjJ 
i'omplete.     Tlie  paralysis  first  makes  its  appeaninee  »imf  wreeia| 
after  recovery  from  the  diphtheria,  at  a  time,  too,  wtien  ite 
patient  has  U»  a  jj^ieat  exi,ent  recovered!,  and  seenis  in  utlwr 
respects  in  good  health.    Occasionally  it  may  be  associaU^  with 
otlier  jiurcaes,  such  as  mydriiiiiis,  jMiresis  of  eouvergi*nce,  [nuwi' 
of  the  sixth.     Sometimes  a  concomitant  convergent  strabismic* 
may  exist  along  with  the  paresis  of  accommodation.    Of  nthtT 
pnnxlyses,  that  of  the  soft  iwilale  is  much  the  most  freiiut-nL 

The  nn3St  notable  feature  in  connection  with  the  etioL^ nf 
diphtheritic  poresis  of  accommodation  is  that  no  evident  reli- 
tion  exists  I»etween  it  and  the  severity  of  the  precediog  thm»t 
aflectioii.  Often,  indeed,  that  ha«  iH^en  so  slight  as  to  hav**  l«*ii 
overlooked.  It  has  even  l>een  asserted  by  some  writer?.  lh«t  lb*" 
tliplitheritio  ]>oison  may  lead  to  paralysis  withinit  h»\iug  givwi 
r'\:Mi  to  any  local  inflammation. 

Tlie  proffuosi^  in  diphtheritic  iiaresis  of  accommodation  » 
more  favourable  than  in  paresis  of  accommodation  ft^un  alju'^i 
any  other  cause.  It  does  not  as  a  rule  last  longer  than  fr-ni 
four  to  six  weeks. 

Tht*  treatmaxf  sliotild   consist   in   giving   tonics.   • 
iron  anil  quinine.     Myotics  (eserine  or  pilocarpine),  sw*..: 
usually  recommended,  are  of  very  doubtful  value;   jtoasablr. 
indecil,  they  may  do  harm  sometimes.    I  have  always  ] 
the  temporary  use  of  convex  glasses  of  sutHcient  su.  ^ 
enable  the  patient  to  read  in  moderation  without  any  8tnin<^ 
accommodation. 

Various  vi».'Ws  have   Ih-cu   lu*ld  as   to   thu  cati5c  «tf  d'  '  '^  ~" 
piu-alyHi8.     Probably  tlu'  |iut.hoh>g)-  of  tlio  niror  and  Irss  >; 
iMindyses  nmv   Ik*  dilierent  from  thi*  more  c*>mmon  i»«niJyaia  <•! 
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palate  and  ciliary  muscles.  There  can  l)e  little  4loul)t  that  post- 
diphtheritic acconmiotlation  paresis  at  all  events  is  due  to  some  toxic 
action  on  the  ])rain.  The  bilateral  character  of  the  pareses,  its 
transitory  natiu-e,  the  occasional  complication  with  })aresis  of  other 
associated  movements  are  all  suggestive  of  such  a  cause.  Certain 
products  of  decomjKJsition,  particularly  of  fish,  also  cause  ]>nn\lysis  of 
accommodation  when  absorbed  from  the  alimentary  canal.  The  only 
apparent  difference  between  the  paralysis  arisin*,'  in  this  way  and  tlie 
postKliphtheritic  variety  is  that  the  former  is  more  transitory.  This 
probably  is  simply  because  the  i>oison  is  more  rajiidly  eliminated  from 
the  body.  How  the  jwison  protlucing  jiaralysis  after  dii)lithiTia  is 
formed  or  how  it  is  eventually  eliminated  is  not  known. 

Of  the  toxic  effects  coming  under  the  notice  of  the  ojdithalniic 
surgeon  that  which  perhaps  most  closely  resembles  dii)htheritic  paralysis 
of  accommodation  is  the  central  amblyopia  ]>roduced  by  tobacco  (see 
p.  440).  Both  with  respect  to  their  bilateral  character  and  their  slow 
disapi^earance,  there  is  a  consideralile  reseml)lance  between  these  two 
affections.  In  both  cases  it  is  unknown  how  tiic  i)oison  acts,  whether 
directly  on  the  centres  or  indirectly  throvigh  some  loc4dised  vasomotor 
change. 

Weakening  of  accoinniodatiou  owing  to  exhaustion  of  the 
ciliary  muscle  is  a  very  frequent  result  of  any  severe  debilitating 
illness.  Many  months  may  then  elapse  l)efore  the  muscle 
regains  its  full  power,  or,  at  all  events,  is  capable  of  prolonged 
efforts  of  contraction.  The  same  symptom  characterises  most 
forms  of  neurasthenia.  I  have,  for  instance,  seen  many  examples 
of  the  minor  degrees  of  this  form  of  paresis  following  iutluenzu. 
The  ciliary  muscle  may  be  overstrained,  too,  when  prolonged 
efforts  of  accommodation  are  made  under  adverse  conditions, 
such  as  the  presence  of  corneal  opacities,  astigmatism,  &c.  The 
range  of  accommodation  may  thus  be  temporarily  diminished. 

Diminution  of  the  range  of  accommodation  may  also  be 
brought  about  reflexly,  and  in  this  way  may  arise  from  facial 
neuralgia,  toothache,  &c. 

Whether  partial  or  complete  the  greatest  inconvenience  from 
paralysis  of  accommodation  is  felt  by  a  hypcrmctrope  and  the 
least  by  a  myope.  In  hypermetropia  the  absence  of  accommoda- 
tion causes  an  indistinctness  of  distant  as  well  as  of  near  vision. 
In  emmetropia  only  near  vision  is  interfered  with,  while  in 
myopia  of  four  or  more  dioptres  the  disturbance  is  so  slight  that 
it  is  apt  to  remain  unnoticed. 

It  is  uot  difficult  to  diagnose  tlie  presence  of  complete 
paralysis   of    accommodation    even    iu    the  case  of    myopia, 
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e8i)ecially  if  the  myopia  Hflinits  of  gf»otl  correction.  But  if  Uk- 
myopia  be  considerable  it  may  l*e  dillicult  enough  to  feel  mn 
of  the  existence  of  a  pu'esis.  In  ndJitiou  to  inner vatiuii  and 
muscuhir  weaknessCvS.  an  interference  with  accomcuodation  uwy 
result  from  intianuuatory  or  atrophic  conditions  of  the  ciliary 
muscle.  The  most  frequent  example  of  this  form  of  paresis  ia 
met  with  in  glaucoma,  of  which  affection  it  is  not  unfretjueatly 
an  early  symptom. 

Spasm  of  Accomiiwflatum. — True,  jMTsisloiil  spHsm  of  jit-i-'orunn 
tit>u  is  either  of  very  nu'o  OL-currt'iicc  or  has  no  ival  existonff  nt  all. 
have  certainly  never  mot  Avith  n  ciise.     I  hav<?  not  luifn-tpiently,  hm 
ever,  seen  oases  of  so-called  spnam  of  acwmnn><lntion   in  whirh  n 
attempt  at  swuij,'  diflliuotly  is  tipl  to  proiluco  mx  oxr»:'SrtivL«  and  uiiHiiil 
able  dej;ive  of  nceoinniodatiou.     Such  individiudM  if  fUimt-Ln^pic 
found  only  to  s*m«  (UstirKtly  iit  a  di«tanc**  with  foncav**  gl. 
may  thus  Ih«  miHt;iki*n  fur  niyopCK.     If  examimM)  with  thf  *%y\\%\ 
scope  the  true  fitati*  of  refrjiotion  ia  at  once  evidcjit.     Tl  ^ 

t!»e  s[MUsm  is  only  induced  when  attention  is  dirtrled  to  ex. 
A  .similar  cOntniction  of  the  ciliiiry  muscle  takes  jilm-c,  in  turt,  ut  Ih 
u'hieh  in  a  yomig  hY(K'rmetn>pe  leads  to  Honie  of  tlif  hj^i^^rruet 
being  latent.     Tlie  difference  l»otwcen  the  e3tinuni<>n  of  the  rvfi 
got  redpeelively  by  a  subjective  examination  and  direct  ophi 
scopic  examination,  atfords  the  only  means  of  dingiujsing  tlie  iinu 
with  eertJiinty,  unless  recourse  1m;  had  to  pandysing  the  ciliarj' 
by  the  use  of  atropine.     Not  unfreijuontly  the  teini)orary  spoai 
iKi  .snapeeted  Iwforo  an  ophtliabin'seopie  examination  in  made,  ii«' 
the  manner  in  which  tlie  ]witient  readn  the  distant  tvst  lyjKK*.     Al  ll 
moment,  if  asked  to  tvad  the  smaller  lettei-s,  he  is  ijuite  Ubnhlt* 
81),  but  if  he  logins  the  next  niouii'ut  with  the  larger  lettent  onH 
pft.<S4-8  through  the  series,  hi?  may  monieuUirily  exhibit  a  far 
visuid  aeuity  tlian  he  has,  i\$-  a  rule,  witluiut  eoneave  glasses.    Thooml 
liable  to   stttl'er   in    this  way   are   yming   women    whose   occui 
uecessitjites  coiiwtant  a*«*onimodatian  for  near  nbietta. 


CHAPTER    XVI. 

THEORY  OF  THE  OPHTHALMOSCOPP:. 

Owing  to  the  shape  of  the  eye  and  the  relatively  small  opening 
formed  by  the  pupil,  much  of  that  portion  of  the  light  passing  into 
the  eye,  which  is  reflected  from  its  inner  surface,  passes  out  in 
the  same  direction  as  it  entered.  On  looking  at  anyone's  eye  the 
pupil  appears  black,  because  the  obsen'er's  head  intercepts  the  rays 
which  would  pass  directly  into  the  eye  in  the  direction  of  the  lines 
joining  the  head  of  the  oljserver  and  the  pnjnl  of  tlie  eye  observed. 
We  cannot,  conse^juently,  under  ortlinary  circumstances  notice  any 
illumination  of  the  fundus,  and  therefore  do  not  see  any  image  of  it. 
Only  if  the  pupil  looked  at  be  very  largo,  and  the  eye  aiuetropic  to 
some  extent,  is  the  red  reflection  as  a  nile  ajiparent. 

By  means  of  the  ophthalmoscope,  which  was  invented  by  Helm- 
holtz  in  1851,  we  bring  our  eye  in  a  line  with  the  entering,  and  thus 
are  able  to  catch  the  emerging  rays.  In  the  instniment  as  first 
invented  the  reflection  wtis  made  at  an  angle  of  about  56°,  from  a 
number  of  pieces  of  plane  glass  enclosed  at  the  sides  in  a  darkened 
case,  and  open  behind  where  the  observer  placed  his  eye,  and  caught 
as  many  of  the  returning  rays  as  were  not  reflected  again  from  the 
series  of  other  surfaces.  An  improvement  on  this  arrangem(;nt  was 
shortly  afterwards  made  by  Ruete,  by  using  a  mirror  with  a  hole  in  it, 
and  a  convex  lens  to  obtain  an  aerial  image.  The  mirrors  used  in  the 
different  forms  of  ophthalmoscope  have  been  plane,  concave,  and  c(mvex. 
Reflectors  which  have  consistc^d  of  combinations  of  ^liflerently-v^haped 
lenses  and  mirrors  have  also  been  used.  Tl)e  plane  and  concave 
mirrors  are  now  the  only  ones  in  general  use. 

The  intensify  of  illuminatum  of  the  fundus  depends  upon  the  lumi- 
nosity of  the  source  of  light  and  the  completeness  with  which  the 
mirror  used  reflects  the  light ;  also  upon  the  size  of  the  pupil  and  the 
extent  to  which  it  is  occupied  by  rays  reflected  into  it  from  the  mirror. 
The  apparent  hri'jktness  of  any  part,  on  the  otlujr  hand,  depends  not 
only  upon  the  actual  intensity  of  its  illumination,  but  also  upon  the 
extent  to  which  the  observer's  pupil  is  filled  by  the  mys  passing  into 
it  from  that  part. 

In  considering  the  illuminating  capabilities  of  (liflerent  forms  of 
ophthalmoscope,  it  has  to  be  kept  in  mind  that,  as  long  as  the  pupil  is 
fully  occupied  by  light,  from  a  surface  of  uniform  luminosity,  reflected 
into  the  eye,  it  does  not  matter  whether  the  rays  are  condensed  so  as 
to  enter  the  eye  as  a  convergent  bundle  from  a  concave  mirror  or  are 
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caused  to  ilivorgo  I'rom  a  j4a.ue  uurrt>r.     Hit  (Hircrnuct"*  in  the  imfflaB 
of  light  pnt<^riug  the  eye  in  the  two  ca«p.>  corrcjip^md  to  diffejvLo?  ia 
the  »iz«?  of  tho  image  which  it  fonns  of  tho  luminous  suriacti,  Wl  ai 
U)  any  tlitfi*n?nc<>  in  the  intensity  of  illuniinatinn  of  tlitt  unit  .if  «uHrt. 
Tukf,  U»  tho  first  iii»tance,  tho  case  of  Xh<t  rfflcctiou  iif  |i»rilU  rw* 
^»rooec*Ung  frum  u  \\ohM  of  a  distant  evenly-illuininnt*-*!  :-"i-':       " 
vre  denote*  by  » the  urea  of  Uw  aeclion  of  the  bundle  of  ]> 
retiectcil  from  llu*  mirror,  uiid  liy  j*  the  area  of  t)io  pufiil.  • 
of  the  light  entering  the  rye  is  to  tliut  niHi^ted  as  p:»,  •■ 
tlie  amuuut  of  th«  redcctcd  light,  and  •  that  of  the  li^jUl  ciii..a» 


tho  eye, 


l.P, 


be  ca»* 

-11 

ilfu^Mft  V 


These  raye  focusjted  on  the  n'tina  of  an  p^mmetropic  ■ 
brought  tu  H  point.     This  jioint,  thcrcfort',  will  luive  aii  i 
ilhniiiimtion  iMjuiil  to  that  of  tlio  wholo  pnpil.      In  niyo|.i;i,     • 
iiiftnjpia,  iuHtwul  of  a  point  of  illuniiimlion,  iJiere  will  )*•  nu    i 
ditt'nsioii  of  thi*  li^^lit     Tlie  aum  of  the  intensities  of  ercnr  point  ia 
thftt  area  will  e([UiU  thi-  iul<:nsily  of  the  point  at  which  niy»  awrt  *-'- 
Jigjiin,  thfi  intiinsity  <>f  the  pupil. 

In  ibo  cane,  then,  of  the  image  in  th<^  eye  of  one  jioiiit  onlt,  tW 
would  lie  a  diti'orence  in  tbe  degive  of  brightness  of  the  ana  iHimiiL- 
at4>d  according  as  the  image  was  accurately  focuraed  on  ihc-  nt'uu  t 
not.  But  if,  instead  of  considering  merely  ono  iM»int,  wf  tak<f  ibe  ca»* 
i)f  the  reflection  of  rayn  from  «very  |nnnt  of  a  continuous 
ilUuuindted  surface,  then  it  is  evidt'ut  tliat  the  retiiml  im«g» 
Hponding  to  all  points  of  that  surface  from  which  rays  fill  the  p 
C'pially  briglit  whether  the  eye  is  emmetropic  or  not.  Thr  dilfu^Mft 
circles  in  the  case  of  ametropia  will  Iw  so  Buper|M>^*d  Lliat  the  illumim 
lion  \nll  Vm>  uiiitbrin  and  I'^pial,  for  every  fioint.  to  tlwt  "f  iW 
projM^rly  focnsse*!  retinal  image.  For  tliis  re;ison  an  anictn;po  a^» 
sky  of  tbe  same  brightm^s  as  an  ermnetrope,  providi*d  only  thai 
pujnl  is  the  tsame  size  as  that  of  the  emuictro]>e. 

Not  oidy  ia  this  the  case,  but  it  is  imiHriRsihlci  in  any  way 
increase  the  brigbtm-^  of  the  ivtinal  inmgi?  of  the  sky  or  any  uuifo; 
illuminated  surfaco.  If.  instead  of  being  parulhl,  tlic  rays  tmt 
the  pupil  from  any  piiint  of  the  surface  ai'e  divergent  or  urveoiAt 
convergent  by  uit'unti  of  a  lens,  a  corri'>t|Kuidiugly  grcat<;r  nuinltri  inJl 
enter  it.  Tlie  illumination  of  the  ])npil  will,  tljcrtforr,  be  grrafcf  ifce 
neiirer  the  point  fix»m  which  the  rays  diverge,  or  to  whicli  thvy  c»^nvKt»- 
Tlie  tuime  will  In*  tlic  cjlsc  for  the  illuminaticm  af  tlie  pupil  fi^mi  »I1 
points  of  tbe  surface.  The  iUuminatinn  will  be  inversely  us  the  >quii» 
of  the  distance  of  the  luminous  surface  from  tbe  pupiL  But  tt* 
apparent  size  of  any  jwrtiou  of  the  surface  also  varied  inirer»«lT  « 
the  square  of  ita  distance  fri:)m  the  eye,  so  that  a  eanipcaaitiu&  Uk^ 
place.  The  visible  briglilness  of  an  object  is,  therefore,  not  ahcwl  * 
altering  the  distance  from  which  it  is  iK-en  directly. 

Next,  to  take  the  case  where  the  object  is  not  »iH!n  din'Ctty,  bol  i 
directly,  through  iU  image  formed  by  a  mirror  or  lousu     We  have  tb^ 
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1  for  tlio  intoiii^ity  of  illuniinatiou  of  the  unit  of  surfnei'  of  thv  iiuagr, 
0'  (if  wo  dwivyanl  the  1<js3  of  Hyhl  on  rofraotion  or  rcfloctjou). 
Puitiii;;  L  fop  ih«  aporturo  of  tho  mirror  or  Ions,  and  J  for  the  inU'iisity 
of  tlic  iihjrct  0  at  distance  D 


I=J 


L 
D3' 


(«) 


A*  the  site  nf  iho  objci^t  is  to  that  of  tho  inmgo  as  thu  sM|uart'3  of 
tbtir  respecliv«  diatiiUCt's  from  tho  mirror  ur  leii»,  thin  may  be  written 

I  =  J  — -,  if  Dj  =»  (listoucc  of  image. 

The  same  will  be  tlie  case  for  the  illumination  of  the  jtupil  from 
all  points  of  the  aurfac**.  The  iIJiinnti;iticin  will  be  mversely  as  the 
»(|Uaro  of  the  distance  of  Ihe  luiiiinous  surface. 

The  int<^nsity  of  tlie  ima^'c  IM  Ls  thewfoii*  diitn-tly  iiro]iortioMiJ  to 
tlie  apt'rture  of  the  mirror  or  Ii^ns.  That  tiporture  is  not,  however, 
necfssurijy  ecjuul  to  tho  section  of  the  bundle  of  rays  entering  the  pujdl 
fiwm  tlie  image.  If  we  call  the  area  of  the  pupil  ns  before  ji>,  and  its 
(lii«trmce  from  the  image  f/,  we  i;ct  the  size  /  of  the  portion  of  the 
»tie':ting  or  refracting  surface  from  which  rays  from  every  point  of  thu 

J)  i  ,  " 

image  enter  the  pujiil,  ^  =  p--}r.^  *md  if  this  value  of  /  be  put  for  L  in 

(a)  th<?  apparent  brightness  to  the  image  of  the  eye  is  1  =  jii. 

But  tliia  is  the  same  brightness  as  if  the  object  itself  were  viewed 
diix'clly  at  the  same  distJince  r7,  and  consequently,  alsti,  tlie  same 
Inigbtne^v*  lis  at  whatever  distance  it  is  seen  directly.  It  folUtws  also, 
for  the  yunie  reason  as  where  the  pupil  is  filled  with  jwir^dlel  rays,  that 
it  is  immaterial,  when  we  have  to  do  ^ntll  a  continuous  juid  evculy- 
il!uniiimted  surface,  whether  the  eye  is  focussed  for  tlic  image  of  the 
surface,  fonueil  by  the  mirror  or  lens,  or  not. 

In  the  usual  ophthalmoscopic  examumtion,  tho  source  from  which 
the  illumination  of  the  fumhis  is  tleriveti  is  not  a  continuous  and 
evenly-illuminatod  surface  of  lij^'ht.  The  (lame  in  ordiimry  use  is 
brighter  towards  its  maixius  than  at  its  centre.  With  a  couciive 
mirror  the  li^bt  is  more  evenly  ilistributed  over  a  larger  area  of  tlie 
retina,  and  thus  a  more  suitAble  illiiminatiou  is  obtained.  The  iiuago 
of  the  flame  then  lies  far  in  front  of  the  retina,  so  that  the  diffusion 
circles  fnim  eiich  |ioint  im  the  retina  nre  large.  Those  from  the 
borders  of  the  image  of  the  Hame,  by  overlai)ping  those  from  its  more 
central  parts,  help  to  brighten  the  central  aiva  of  illuminatit>n,  and  at 
thu  same  time  to  produce  a  considerable  illumination  over  the  ill- 
detined  margitL 

We  have  seen  that  when  the  pupil  is  filled  with  rays  the  inteusity 
of  illumination  depends  ui>oii  its  size.  Wiien,  on  the  otlier  hand,  it 
is  not  hlli'd  by  rays,  the  intensity  will  be  as  the  proportion  of  the  area 
:upied  by  raya  is  t*>  the  whole  area  of  the  pupil.     In  tho  illumina- 
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tion  of  the  fundus  by  the  ophthalmoscope  mirrors  in  ordinary  u;*.  ibe 
retlecteil  rays  do  not  completely  fill  the  pupil,  as  more  or  less  shadow 
and  penumbra  is  thrown  on  it  by  the  central  aperture.  More  of  the 
pupil  is,  however,  filled  by  rays  reflected  from  a  perforated  coDCiTe 
mirror  than  when  a  plane  mirror  is  used.  This,  then,  is  the  uain 
reason  why  a  better  illumination  is  got  with  a  concave  mirror.  C>ih(rr 
conditions  being  equal,  we  may  make  the  central  aperture  in  » 
concave  mirror  lai-ger  than  in  a  plane  mirror,  and  yet  obtain  thf  swut- 
illumination. 

AVitli  a  larger  aperture  more  rays  enter  the  observer's  pupil,  aal 
consequently  the  appai-ent  illumination  is  greater.  An  increase  in  the 
size  of  the  aperture,  while  it  increases  the  apparent  illumination,  al  th^ 
same  time  diminishes  the  actual  illumination.  It  follows,  thtrifire. 
that  the  illumination  obtained  by  the  observer  must  l>e  a  niaxirauni 
for  some  definite  size  of  the  aperture,  which  will  vary  acoortlini:  to  tk 
shape  of  the  mirror,  the  size  of  the  patient's  pupil,  and  the  (list;ir.«T^  i-f 
the  mirror  from  the  flame  and  the  eve. 


If  I  be  the  intensity  of  illumination  correspond iu^  t<f  x  :- 
oocupaiion  of  the  jmpLI  of  area  />  with  rays,  and  >y  Ik-  iK-  l^  i 
(tf  tli(;  ])upil  not  traversed  by  rays,  then  tlie  intensity  of  illuinimt:' - 

is.    I^'-l 

If  ''  be  the  area  of  the  central  aperture  in  the  mirnn- :  F.  ili"  1- 
poiut  of  the  eye  or  tlu;  distance  for  which  it  is  accommodat*(i ;  -A  tii- 
distance  separatiuj?  the  mirror  from  the  patient's  pu]>i],  tin.::  :!:' 
section   of  the  bundle  entering  the  observer's  eve  from  tin-  piiti-:.'- 

TIk^  apparent  brightness  to  the  observer ^  (the  area  of  hIiom'  vwv- 
also=7>)  of  an   iiluiiiinated    jjoint   on   the  ob3er\'er*s   retina  i.-  li-'' 

I  /'^'.. « iLriX- = T  A  _  i! V  .  iZL-^; 

P  p  V-  V      p)  p         K- 


^  Cf.  Helmholtz,  Phys.  Opt.  new  edition,  p.  :;23. 
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The  ojpMhalmmcoplc  field  of  vision^  or  the  amount  of  fundus  vtHble 
at  one  time  on  direct  examination^  depends  upon  the  size  of  the  pupil 
of  the  eye  observed,  upon  the  size  of  the  aperture  in  the  mirror  of  the 
f^hthalmoscope  and  Uie  inclination  of  the  mirror^  upon  the  distance 
separating  the  observer's  eye  from  the  eye  observed,  and  upon  the 
rtate  of  refraction.  This  is  seen  in  Fig.  156.  The  visible  area  is 
greater  the  larger  the  patient's  pupil  and  the  larger  the  aperture  in 
Uie  ophthalmoscope,  the  nearer  the  distance  separating  the  eyes  of 
observer  and  patient  and  the  more  highly  refracting  the  eye. 

The  amount  of  fundus  visible  on  indirect  examination  is,  other 
things  being  equal,  inversely  as  the  magnification.  It  increases  with 
the  degree  of  dilatation  of  the  pupil  of  the  eye  examined,  with  the 
distance  separating  the  observer  from  the  convex  lens,  and  with 
the  size  of  the  aperture  in  the  ophthalmoscope. 

This  is  seen  in  Fig.  157.  The  figure  shows  the  size  U  of  half  the 
diameter  of  the  portion  of  the  fundus  which  can  be  seen  by  an  observer 
whose  eye  is  behind  the  ophthalmoscope  aperture,  half  the  diameter  of 


Fig.  157. 


which  is  represented  by  E  at  a  distance  d  from  the  image  formed  by 
a  lens  of  focal  distance  /,  held  at  a  distance  D  from  the  centre  of  the 
pupil  of  the  eye,  and  thiough  a  pupil  half  the  diameter  of  whicli  is  p. 
The  case  represented  is  that  of  emmetropia.  It  is  supposed,  too,  that 
the  lens  is  held  at  such  a  distance  as  to  prevent  the  image  of  the  iris 
masking  that  of  the  fundus. 
From  the  figure  we  have 


I     u 

f~  0' 

•  •  — r  =  I       and 
if 

y-l    I-E 

/           d 

d 

Putting  in  the  above  value  of  I — 


2^  = 


fV 
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Again 


And 


X  — 


'11 


J--D 


U 


1^^ 


Puttiug  in  the  above  value  of  x  aiul  siinplifyiiif^  we  get 


U  = 


triy-p) 


Subetituting  for  y  iU  value  at  a.) — 

U  therefore  increases  at  the  same  time  as  tf,  p^  anil  £,  and  dtJiiimihM 
witli  the  increase  of/.     It  also  increases  witli  I>  and  with  t}. 

Wlien/=D,  a  convenient  position,  ami  one  in  which  the  ijiiupet'f 
the  pupil  does  not  get  in  the  way  of  the  fundus — 

/»     • 

As  an  example  take 

d  =  250  mm. ;  /=  70  mm. ; 

ji^     3  mm. ;  £=1*5  mm. ;  and  /;'=  15  mm. 

The  amount  of  visible  fundus  is  then  approximately 


15(750+105) 
4900 


X 2 ^5-24  mm. 


tliat  is*  a  |x>rtion  the  diameter  of  whicit  is  alwut  thrvc  times  lu  much 
05  tlie  disc.  In  tlic  cose  of  ametropia,  as  the  ma^iiicatinn  vane* 
with  the  distnnce  of  the  lena  from  the  eye,  the  amount  of  the  fundo* 
visible  at  once  is  more  or  less  thaji  in  eminetropia  (with  the  aame  »i/e  »{ 
pupil  (iTul  the  observer's  eye  at  the  same  distance  from  the  aerial  iiua^), 
acconling  as  the  magnificaiion  is  less  or  greater  th:ui  that  nf  tlw 
emmetropic  image.  The  corresponding  formulie  for  myopia  and 
hypemictropia  are  rather  long,  and  show  nothing  further.  Thpy  ara 
thereforo  not  given. 

The  Magnificatton  of  thr  Ophthalmoscopic  I3iage. 

By  tht  infiirerf  ntethnti  of  examination  an  invert^l  image  is  ft>niied 
of  the  back  of  an  emmotropio  eye  at  tJio  principal  fooua  of  th'.-  eonvcx 
lens,  and  tlierefore,  whatever  bo  the  distance  of  the  lens  from  the  wye, 
always  at  the  same  »listance  from  the  lena.  Tlie  stronger  the  h-n*.  too, 
the  nearer  will  tins  image  lie  to  it.     It  ia  evident,  too,  from  Fig.  158 
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that  the  size  of  the  aerial  image  ia  to  the  object  at  the  back  of  the 
t'ye  OB  the  fi)cal  distance  of  the  lens  is  to  the  distance  from  the  second 
n«xlal  |Kiint  to  the  retina.      If  we  call  this  latler  distAuce  fj\  autl  the 

focus  of  the  lens/,  the  miigiiification  _  =  ^.     The  distance  rj  may  be 

taken  roughly  =  15  luillinictres.  The  magnilication  with  a  lens  of  76 
millimetres  or  3  inches  focus,  siicli  as  is  commonly  nsfd  for  tlie  pur- 
pose, would  therefore  be  about  5  diameters,  that  with  a  stronger  one 
Jess,  t.tj.^  with  a  'i\  inch  focus  not  much  more  than  4  diameters. 

Tlie  reiil  mngiiificatiou  or  the  size  of  the  image  formed  on  the 
©heerver'a  retina  will  depend  upon  how  far  his  oyo  is  from  the  aerial 
image.  If,  for  instAUce,  the  ol>Sfrver  obtains  a  clear  image  of  the 
disc  of  the  eye  examined  when  hift  eye  is  at  a  ilUtance  fn^m  the  convex 
lena  equal  to  three  times  its  focus,  then  the  diameter  of  that  imagu 
i»  approximately  equal  to  half  the  actual  diameter  of  thfl  disr.  The 
fihserver  therefore  sees  the  disr  with  the  wime  degree  of  distinctness  as 
he  seci*  any  external  object  which  gives  a  retinal  image  of  -8  or  "9  mm. 
(I'.tf.,  half  the  diameter  of  disc). 

On  direct  examination  of  an  emmetropic  eye  by  another  emmctro- 

I. 

^  And  similar  eye,  the  size  of  the  image  formed  in  the  observer's  eye 
/will  be  exactly  the  same  us  the  object  fmni  which  the  rays  proceed  iu 
the  eye  examined.  This  is  evident  from  Fig.  127.  To  estimate  the 
nitication,  then,  we  have  to  consider  that  the  definition  thuR 
inwi  i?  similar  to  that  of  any  other  external  object  who.s**  retinal 
is  the  sanu!  size.  Tlius,  if  we  take  the  diameter  of  the  disc 
,^ly  a.s  1*75  millimetrea,  we  have  merely  to  calculate  what  size  of 
bject  at  any  particular  distimce  would  give  a  retinal  image  of  the 
diameter  of  1*75.  Taking  the  same  value  for  ij  as  before  (and 
ki|lMtifig  therefore  any  change  which  Is  caused  in  its  value  by  the 
PB|B^  accommodation),  the  definition  would  lie  ulK>ut  tlie  same  as 
iKKo^ine^l  by  a  penny  held  at  l>etween  10  and  11  inches  from  the 
eye.  'Ilie  diamefir  of  a  penny  is  about  31  millimetres,  so  that  we 
have  1-15:  15  =  31  :  2G6.  The  magnification  Ls  then  as  31  to  1*75, 
roughly,  18  diameters,  if  we  compare  the  o])htlHdmoscopic  dbtinct- 
of  the  image,  with  that  which  the  naked  eye  would  give  nf  the 
2C6  millimt'trw*  from  its  first  nodal  point,  «.4?.,  at  about  lOj 
the  eye.     The  apparent  size  of  the  magnified  disc  or  other 
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portion  of  the  fiindns  of  the  eye  de^tonds  on  the  distance  to  which  aj 
meiitallv  projwclwi  To  iliflerent  observers  the  same  disc  will, ««  " 
iici-ount,  uppttar  magnified  in  dilTerent  degree*}. 

As   i^  explained  in  the  chaptor  un  refrnctiun,  and  eihi] 
Fig.  120,  the  moguiUtiation  of  the  indirect  ophthalnioecopic 
case  of  aiuetropin  depends  on  the  distance  at  which  the  convex 
held  from  the  eye. 

This  may  also  be  shown  analytically  in  the  following 
We  have,  in  the  case  of  a  lens  in  air  where  f  =  / 


And 


o^'_" 


In  myopia,  wlicre  u  is  negative  (iie  the  object,  viz.,  the  image  of  tb» 
fundus  oculi  lies  between  the  obseiTOr  and  the  position  givrti  U)  l» 


\ 


,.v^«Vl--- 


\ 
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lens),  this  diminishes  as  u  diminishes  ;  but  os  the  ol^jeci 
always  of  the  same  size,  the  image  formed  of  it  by  the  leDa  iocretM 
in  size  [IS  u  diminishes,  t.e,,  aa  the  lens  is  withdrawn  ftoa  \ht 
Until  «  =  o,  or  tl»e  lens  is  withdrawn  to  the  far  jx)int  of  the  ey^ 
object  is  bigger  than  the  im«^'e.     From  this  onwanis  u  is  p 
the  intake  l^ecomes  larger  and  larger  than  tlie  objtrct.  until  u 
it  is  infinitely  frreat,  ami  a  further  witlidmwal  of  the  lens 
to  diniinit'li  in  size,  while  at  the  same  time,  from  being  an  erect  ii 
of   an  inverted   imago  of  the  fundus,  and  consecjuenlly  aa 
image  of  the  fundus,  it  becomes  lui  inverted  image  of  thia 
image,  or  an  ered  image  of  the  fundus.      Tt  is  only,  howei 
the   myopia   is  of  extreme  degree,   and  the  lena  us*:*!  sti 
these  successive  changes  occur  within  the   range  of  will 
the  lens. 

In  liypernietropia  ii  is  positive,  and  increases  as  the) 
drawn  from  the  eye,  as  t)»o  object  is  tlie  erect  imago  of 
the  eye.     With  the  increase  of  u  the  rolutioD  of  object  to  !i 
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lecSy  which,  as  the  ohject  remains  of  the  same  sign,  is  tantamount  to 
t^e  image  getting  less. 

'We  may  get  an  approximate  expression  for  the  magnification  in 
terms  of  the  degree  of  ametropia,  the  focus  of  the  convex  lens,  and  its 
dLstance  from  the  eye,  in  the  following  way  : — In  the  case  of  myopia 
(see  Fig.  159)  put  M  for  the  distance  of  the  far  point  from  the  nodal 
point  of  the  eye.  (To  simplify  we  may  look  upon  the  two  nodal 
points  as  merged  into  one.)  We  have  then  for  the  size  of  the  image 
{)8)  at  the  far  point  compared  with  the  object  at  the  back  of  the  eye, 

and  for  the  relation  of  I  (the  image  after  refraction  through  the  convex 
len8)^  =  -. 

Again,  from  the  general  formula  4  &.) =  -  -. 

uf 
v  = 


?t+/ 


Putting  then  for  m,  M  -  D,  where  D  equals  the  distance  between  the 
nodal  point  of  the  lens  and  the  nodal  point  of  the  eye,  and  substituting 
the  values  found  for  fi  and  v,  we  get— 


I  _  /  _  M 

/ 


From  both  we  see  that  I  increases  when  D,  the  distance  of  the  lens 
from  the  eye,  is  increased.  From  the  firet  it  is  evident  that  I 
diminishes  as  M  is  diminished,  that  is,  as  the  degree  of  myopia 
increaaes.  From  the  second  expression  again,  we  find  that  by  increas- 
ing/, that  is,  by  making  the  lens  weaker,  I  is  increased  in  size.  The 
equation  also  shows  that  when  ^f  becomes  infinite,  i.e.,  when  there  is 

no  myopia,  ^f  =  "77  as  we  have  already  seen  is  the  expression  for  th 

magnification  in  emmetropia.  But  we  evidently  get  the  same  expres- 
sion for  the  magnification  by  making  /=  I),  and  yet  the  magnification 
is  not  the  same  as  in  emmetropia,  but  less,  as  the  value  of  f/  increases 
with  the  myopia.  To  distinguish  between  the  </'  in  the  case  of 
emmetropia  and  that  in  myopia,  we  may  write  for  (j\  g'^y  and  the 
expression  for  the  magnification  in  myopia,  when  the  convex  lens  is 
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held  at  the  distance  of  its  focus  from  the  nodal  point  of  the  eT« 

becomes    =--  =  -4-i  or  if  we  put  in  the  value  of  //'^j  which  we  get  if 

the    myopia,   as  is    usually  the    case,  is   axial   from  the  formula 

_  +  _=!,  and  put  for  G  and  G',  the  distances  respectively  of  the 

first  and  second  nodal  points  from  the  foci,  their  equivalents,  ^  and  9. 
and  for  </',  M  as  before,  this  may  be  written 

I  ^  /      M  -  ^^ 

u     4 '      -NI 

a  value  for  I  obviously  less  than  — - ,  the  value  in  emmetropia.  an! 

the  more  so  the  smaller  is  M,  that  is,  the  higher  the  d^ree  of  myoi'ii. 
The  general  formula  in  the  case  of  axial  myopia  is  then  convenifuiiy 
written — 

U     >  *M+/-D" 
In  the  case  of  hypermetropia  (see  Fig.  160)  we  arrive  by  a  similar 


Fig.  160. 


method,  and  calling  the  distance  of  the  far  point  to  the  n<Hl;il  \*c 
of  the  eye  H,  at  the  expression  for  magnification — ■ 

I  /  H 

U 


,/,       /-D\       .fU  +  D      ,V 


As  before,  this  becomes  when  H  =  oo ,  that  is  when  the  hypermetn.t:' 
is  reduced  to  nothing,  -  =*-,  the  expression  for  the  magniticati"i: 

in  emmetropia. 

From  both  expressions  we  see  tliat  as  D,  the  distance  of  th" 
lens  from  the  eye,  is  increased,  I  diminishes.  From  the  first  we  >e'' 
that  as  H  is  diminished,  that  is,  as  the  hypernu'tropia  increast?.  I 
becomes  greater. 

And  from  the  second  it  is  evident  that  the  diminution  of/  or  lb' 
increase  in  the  strength  of  the  convex  lens,  causes  I  to  diminish. 
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For  the  case  where  /=  D,  or  the  lens,  is  held  at  the  distance  of  its 
4bcas  from  the  nodal  point  of  the  eye,  we  have  as  in  myopia 

J:__L_ 

or  by  putting  in  the  value  of  ;/„  in  the  case  of  axial  hypermetropia, 

1_Z     H  +  ^' 
U      </>'       H 

Trhich  shows  that  I  is  always  greater  than  in  emmetropia,  and  the 
more  so  the  higher  the  degree  of  hypermetropia.  The  general  formula 
in  the  case  of  axial  hypermetropia  for  the  magnification  of  the  indirect 
ophthalmoscopic  image  is  then 

U     ^'  H-/+D* 

To  get  the  magnification  in  the  case  of  ametropia  by  the  direct 
method  of  ophthalmoscopic  examination,  we  must  first  compare  the 


Fio.  161. 


size  of  the  image  in  the  observer's  eye  with  the  object  in  the  eye 
examined,  and  then  apply  the  same  reasoning  as  for  the  magnification 
in  emmetropia. 

In  Fig.  161  the  difference  between  the  magnification  obtained  in 
hypermetropia  and  myopia  respectively,  is  shown  for  the  ordinary' 
position  of  the  correcting  lens,  viz.,  further  from  the  eye  examined 
than  its  anterior  focus.  From  the  figure  it  is  apparent  that  under 
these  circumstances  a  larger  image  of  any  part  of  the  back  of  the  eye 
is  obtained  if  it  be  myopic  than  if  it  be  hypermetropic.  The  differ- 
ence is  greater,  too,  for  equal  degrees  of  ametropia  the  further  the  coi*- 
recting  lens  lies  ftom  the  anterior  focus  of  the  eye  examined.  The 
difference  diminishes  as  the  correcting  lens  is  approached  to  that 
focal  point.  When  the  centre  of  the  lens  coincides  with  the  anterior 
focus  of  the  patient's  eye,  the  magnification  is  the  same  for  both 
myopia  and  hypermetropia,  and  the  same  as  for  ametropia. 
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If  we  denote  >iy  H  and  M  respectively  the  distan'     ' 
point  of  the  patient's  eye  measured  from  its  principal  p  ;  ' 

the  tlistance  from  that  point  occupieti  by  the  centre  of  tin'  oavti  ^ 
concave  connecting  lens ;  l>y  Ohj.  the  size  of  the  objetl  M  lie  fcek 
of  the  eyo  exaniiued,  luid  by  Im,  the  617.0  of  the  image  iy^x  tht;  irtiia 
of  the  observer's  eye,  while  putting  I  for  the  size  (i(  Ui**  vca^  of 
the  same  object  at  the  far  point  of  the  jiatient's  ejre,  v«  lin  fct 
hypennetropia : — 


for  myopia — 


Obj  _      I  hn  I 


Ohj 


I 


from  which  we  get  for  hypermetropia — 
Im      H  +  <^     j/ 


aod  for  myopia — 


In  axial  ametropia  we  may  put  ^  (the  diatancc  from  the  aefiond 
point  of  the  observer's  eye  to  his  retina)  oqual  «^  (the  dittanee  &« 
the  anterior  principal  point  of  the  patient's  eye  to  his  anterior  fom|. 
The  formulflB  then  become  respectively : — 


>f'j 

H  + 

T>- 

* 

Im 

M 
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From  then  lotmuli^  it  is  evident  that  the  magnification  i^  eqiul  |') 
emmetropifl  only  when  D-^.  In  hypermetropia  it  is  leas  ihaa  is 
emmetropia,  for  Dy*/*  (the  usnal  cose  in  practice)  and  ]e«8  than  n 
emmetropia,  for  Di.<fi.     The  opjKwitc  holds  pood  for  myopia. 

To  take  iin  example,  a  case  of  myopia  fully  rorrecte<l  by  a-  W 
lens  at  the  anterior  focus  of  the  eye,  say  13  millimetres  in  front  «rf  tw 
cornea,  is  oxamine<l  with  a-  18*0  Itehind  the  ophthahnoscopit^  miiW 
and  20  millimetres  in  front  of  the  cornea,  what  is  the  magnifiiaOflB 
comparfMl  with  ommetrtipial  It  is,  obWoualy,  as  tlie  focal  distaawo' 
a  16*0  dioptre  to  that  of  an  18*0  diuptre  lens,  i.e..  a»  9  to  8,  eo  th*lif 
we  take  the  magnification  in  cnunetmpia  as  18  diameters,  it  would  in 
this  case  be  rather  more  than  20  iliametors. 

The  relative  depth  of  the  dilferent  fiarts  of  the  back  "f  iln- « v?  s^ 
with  the  ophthalmoscope  can  be  estimated  with  tolerab  ^'7 

noting  the  number  of  the  lens  which  the  unaccomincKlat«u  <-;<  iw^-i^ 
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"to  obtain  a  clear  defiDition,  and  allowing  roughly  3  dioptres  to 
1  milliiQetre. 

By  the  indirect  examination  differences  in  depth  are  rendered 
apparent  by  the  parallactic  displacement  which  takes  place  when 
the  convex  lens  is  given  a  slight  movement  from  side  to  side.  The 
stractures  lying  nearer  to  the  eye  then  appear  to  glide  over  the 
deeper-lying  parts  as  their  image  moves  more  rapidly  in  the  same 
direction  as  the  lens. 

Fig.  162  makes  this  apparent.  In  the  figure  H  represents  a  nearer, 
and  E  a  more  distant  point.  At  the  same  time  the  rays  from  H  are 
drawn  divergent  as  they  emerge  from  the  eye,  and  as  if  they  came 
from  a  point  h  behind  the  eye,  while  those  from  E  leave  the  eye 
parallel  to  each  other.  In  the  Krst  position  of  the  lens  the  image  of 
this  point  is  at  H'.    In  the  second  (represented  by  the  dotted  lines)  it 


Fio.  162. 


is  at  H".  For  the  same  movement  of  the  lens  the  image  of  the  point 
E  moves  from  E'  to  E",  and  thus  makes  a  smaller  excursion. 

A  fairly  good  stereoscopic  view  of  the  fundus  is  got  willi  the 
binocular  ophthalmoscope  of  Giraud-Teulon,  which  is  so  arranged,  by 
means  of  two  rhomboidal  prisms,  the  angles  of  which  are  45*  and 
135%  meeting  at  their  acute  angles  behind  and  at  the  centre  of  the 
aperture  of  the  mirror,  that  the  ai-rial  image  can  be  seen  with  both 
eyes  at  the  same  time. 

Many  forms  of  ophthalmoscope  are  in  use,  differing  fr(»ni  each 
other  mainly  in  the  kind  of  niiiTor  used  and  the  arrangements  for 
bringing  different  lenses  behind  the  aperture.  For  estimating  refrac- 
tion it  is  of  advantage  to  be  able  to  bring  any  lens  behind  the  mirror 
without  losing  sight  of  the  fundus,  and  this  can  be  done  with  most 
modem  instruments,  but  there  is  a  tendency  to  multiply  the  number 
of  lenses  and  introduce  refinements  in  the  mechanism  of  hanging  the 
mirror,  &c.,  which  only  add  to  the  cost  without  in  the  least  increasing 
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the  practical  usefulness  of  the  particular  ophthalmoscope.  TIu*  in- 
tervals between  the  lenses  should  not  be  less  than  one  dioptre,  aD<i 
the  higher  ones  may,  without  introducing  any  practical  inaccuMcv. 
be  obtained  by  the  combination  of  two  lenses.  In  the  examiniitinn 
by  the  direct  method  rays  are  only  reflected  into  the  eye  from  a  Yery 
small  portion  of  a  plane  mirror.  If  a  strong  illumination  be  requirtHl, 
it  is  therefore  necessary  to  use  a  concave  mirror  with  a  short  f<xH\ 
Such  mirrors  have  been  introduced  by  Parent,  and  are  tittcil  into 
some  ophthalmoscopes  in  addition  to  the  larger  plane  or  less  con-avt? 
mirrors  used  for  indirect  examination. 


CHAPTER    XVII. 

AFFECTIONS  OF  THE  OCULOMOTOR  MUSCLES. 

Physiological  and  Introductory. 

The  eye  is  freely  luoved  in  all  directions  round  a  fixed  point  or 
ceTitre  of  rotation  by  the  action  of  one  or  more  of  its  six  external 
muscles.  The  centre  of  rotation  lies  about  1  millimetre  behind 
the  centre  of  the  eye. 

A  consideration  of  the  movements,  as  they  actually  occur, 


Fig.  163. 

leads  to  the  classification  of  the  six  muscles  into  three  anta- 
gonistic pairs: — (L)  The  lateral  recti  (externus  and  internus) 
which  rotate  the  eye  round  a  vertical  axis:  (2.)  The  superior 
and  inferior  recti  which  rotate  the  eye  round  an  axis  which 
meets  the  middle  line  in  front  of  the  eyes  at  an  angle  of  63° : 
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(3.)  The  two  oblique  muscles  which  rotate  the  eye  round  an 
axis  which  meets  the  middle  line  behind  the  eye  at  an  angle 

of  39"— (see  Fig.  163 1  The 
Right.  Middle  Line.  Left,  direction  of  action  of  the  first 
pair  is  lateral — that  of  the 
second  and  third  is  represented 
by  the  figure. 

If  each  muscle  were  to  con- 
tract alone,  the  displacement  oi 
the  cornea  which  it  would  pro- 
duce would  be  as  follows— |see 
Fig.  164).  The  extemus  would 
displace  the  cornea  outwards 
without  any  torsion  round  the 
antero-posterior  axis,  the  inter- 
nus  would  displace  the  cornea 
inwards,alsowithoutany  torsion. 
The  superior  rectus  would  dis- 
place the  cornea  upwards  and 
slightly  inwards,  and  at  the 
same  time  twist  the  upj>er  pirt 
towards  the  nose  (medial  tor- 
sion). The  inferior  rectu.s  w<>uld 
displace  the  cornea  downward? 
and  sliglitly  inwards,  and  iwi?! 
the  upper  part  away  from  the 


Sup.  Obi. 


Tnf.  Rect. 


Inf.  Obi 


nose  (lateral  torsion).    The 


?u;'- 


erior  oblique  would  displace  ihr 
cornea  downwards  and  slijihtly 
outwards,  and  proihice  at  tin 
same  time  medial  torsion.  The 
inferior  obli4iue  would  (lisjdiKr 
the  cornea  upwards  and  .<liL'!ul.v 
outwards,  and  produce  lateral 
torsion. 

Purely  lateral  nioveim*n:^ 
are  effected  by  the  external  ami 
internal  recti  alone.  Turi**.^ 
vertical  movements  are  effected  by  the  combined  action  fi  ^• 
straight  and   oblique   elevator  or  depressor.      Movemeiitv<  "' 


.Siii>.  Kcot. 


Fh;.  KM. — Dio^Tnin  showing  move- 
ment (if  (tinit'U  produced  by  each  muscle 

wuftaratfly. 
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teruiediate  directions  are  effected  by  the  combined  action  of 
latenil  uuJ  two  elevating  or  depressing  muscles. 
Purely  vertical  or  purely  Ititeral  movements,  starting  from  a 
bosition  iu  which  the  visual  axis  is  directed  straight  forwards  in 
Ihc  horizontal  plane  (a  position  which  may  be  called  the  initial 
|)osition),  bring  the  eye  into  what  are  cMed  prima  rt/  posUions. 
I      Movements  of  the  eyes  into  primary  positions  take  place 

E'thout  any  torsion.  In  the  case  of  purely  lateral  movements 
e  reason  of  this  is  obvious,  in  the  purely  vertical  it  is  because 
the  torsional  movements  of  the  two  elevators  or  depressors 
counteract  eiich  other.  Movements  into  positions  intermediate 
between  purely  lateral  and  purely  vertical,  or  into  what  are 
jcalled  secondary  positions,  are  accompanied  by  torsion,  the  direc- 
tion and  extent  of  which  depends  on  the  direction  and  extent 
of  the  lateml  and  vertical  displacement  from  the  initial  position. 
when  the  eye  is  abducted^  or  turned  away  from  the  nose,  the 
torsional  effect  of  the  oV)lique  muscles  preponderates,  when  it  is 
mldudi'd,  i.r.,  turned  towards  the  nose,  the  torsional  effect  of  the 
Irecti  preponderates.  It  follows  from  this,  what  is  found  experi- 
Itnentally  to  be  the  case,  that  when  both  eyes  are  turned  in  the 
isame  direction  into  any  secondary  position,  i.e.,  upwards  or 
'downwards,  to  the  right  or  left,  the  torsion  is  in  tlie  same  direc- 
tion in  both  eyes,  as  one  is  rt//ducted  the  other  ffWucted,  so  that 
lUi  the  one  the  torsion  is  lateral  and  iu  the  other  medial. 
^BTwo  kinds  of  associated  movements  of  the  two  eyes  exists 
H8  take  place  either  singly  or  combined,  viz. — (1.)  movements 
in  the  same  direction,  and  (2.)  movements  of  convergence,  or 
;8uch  as  bring  ftr  tend  to  bring  the  two  vi.sual  axes  to  cross  each 
>other  in  front  of  the  eyes.  A  combination  of  these  two  move- 
ments takes  place  when  any  near  object  is  fixed  which  is  situated 
:to  one  side  of  the  sagittil  plane,  Wlien,  for  instance,  the  object 
fixed  is  considerably  to  tlie  riglit  of  that  plane,  and  at  the  same 
time  near  the  eyes,  the  right  eye  is  turned  outwards,  while  the 
left,  being  also  directed  to  the  right,  is  turned  inwards.  Further, 
the  angular  exteut  of  tlie  rotation  of  the  left  eye  is  greater  than 
that  of  the  right.  Under  these  circumstances  we  must  assume. 
as  has  Itecn  jMjiutwl  out  by  Horing,  that  the  internal  rectus  of 
each  eye  contracts,  under  the  influence  of  an  impulse  to  conver- 
l^nee,  to  an  extent  which  wuutd  liririg  their  axes  to  cross  at  a 
|>oint  in  the  middle  line  about  the  same  distance  from  the  eyes 


as  the  lateral  (K>int  actually  Hxed,  and  that  Biruultaneoa^y  i^ 

k'ft  iuteruus,  acting  along  with  the  ri|2:ht  externn-   ■■ 
stituulus   towards   a   lateral    associate   laovcinent,  ■ 
remaining  change  in  position  which  is  required  for  the  touoB 
of  the  object.     The  right  eye  is  therefore  kept  in  the  poaUfi 
which  it  occupies  by  a  contraction  of  the  rectus  extern  us.  which 
to  some  extent  is  counteructe<l  by  a  contraction  of  the  inUruDSt, 
whereas  the  position  of  the  left  is  the  result  of  a  contraction  :/ 
the  internus  alone,  etiected,  however,  in  response  t«  two  ilifleren* 
impulses.     If  this  view  be  correct,  as  there  is  good  experimi-nlil 
evidence  for  supposing  it  to  l>e,  it  follows  that  the  saioe  j»*>iitio3 
of  the  eye  may  be  associated  with  vcrj'  dirterent  degnri  "i 
innervation,  and  consequent  tension  of  its  lateral  muscle^i.  Th» 
|K)int  is  probably  of  no  inconsiderable  inifiortauce  in  connecliou 
with  the  etiology  of  strabismus- 
Associated  movements  in  the  same  direction  are  brougt 
about  by  impulses,  }n'oceeding  in  all  prolwibility  fnim  deiij 
centres  in  tlie  brain.     They  are  in  great  measure  reguLatftl 
the  desire  for  binocuhir  vision,  i-t,  for  the  fusion  of  ik*  ti 
retinal  images  into  one,  or  what  is  often  simply  called,  ami  wi 
be  afterwards  spoken  of  as,ftisioft.     This  fusion  tmly  takes  jiU< 
as  a  rule  when  the  two  visual  axes  are  both  direcle<l  on 
object  on  which  attention  is  fixed.     When  only  one  visual  nvs 
'is  directed  on  tlie  object  looked  at,  whilst  the  other  deviaie?i  in 
any  direction,  there  is  said  to  be  a  slrahismtis  or  squint.    Bi 
even  when  the  regulating  influence  of  fusion  is  withdrawn, 
happens  when  tlie  one  eye  is  occluded,  the  central  imjml* 
associated  movement  in  the  same  direction  is  sufficiently  puw« 
ful  to  bring  about  more  or  less  perfect  correspondence  in  tl 
degree  of  the  change  of  position  of  the  two  eyes. 

Associated  movements  to  eitlier  side,  or  upwards  ami  t\o\ 
wards,  t.f.,  movements  into  what  are  called  the  primary/  positio 
arc  found  to  Im?  less  de]>endent  on  binocular  vision  than  mo\i 
ments  in  intermediate  directions,  lateral  and  vertical  coniHnt 
or  the  so-called  secoiulary  directions.     In  all  pnol>ahility  thi." 
because   the  more  constant  use  of   the  eyes   in  the  priinarrl 
positions  leads  to  a  more  perfect  regulation  of  the  centres  br 
which  they  are  actuated. 

The  greatest  possible  movement  of  the  eyes  takes  ]>1 
downwards,  and  the  least  upwards.     The  full  extent  of  poasii 
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downward  rotation  is  from  55"  to  60^^,  that  of  upward  rotutioii 
only  alnjut  80'.  Nob  so  much  difference  exists  in  the  normal 
ext«nt  to  which  rotation  inwards  and  outwards  chu  take  place, 
though  the  inward  muvenient  is  slightly  more  extensive,  or 
About  45*',  the  outward  being  rather  more  than  40*. 

In  tlie  associated  movements  lo  couvergence  we  recognise 
other  regulating  factors  besides  that  of  fusion,  which  is,  however, 
undoubtedly  the  most  important.  Thus  there  is  a  more  or  less 
iutiuuite  connection  hetween  accomniodative  and  convergent 
impulses,  a  connection  which,  in  the  form  in  which  it  exists  in 

Eimlividual  case,  there  are  many  reasons  for  li:>oking  up^ju 
artly  inherited  and  partly  acquired.  Again,  as  when  l>y 
ision  of  the  one  eye  we  reuiove  the  regulating  influence  of 
fusion,  htit  yet  do  not  find  the  convergence  corres[it»ndiug  to 
that  which  might  be  expected  from  its  connection  with  the 
accommodative  eftbrt  refjuired,  even  when  we  take  into  con- 
snderation  the  starting-point  of  convergence  (or  the  ]x)8itiou 
which  the  eyes  assume  before  any  convergeut  eilbrt  ia  made), 
we  are  forced  to  recognise  still  another  factor  intiuencing  the 
centre  for  convergence.  This  fact*jr  has  l>eeu  called  by  Hansen 
Umt  the  consciousness  of  the  distance  of  the  object  fixed.  This 
consciousness  is  probably  to  a  gi'eat  extent  an  expression  for  the 
acquired  regidation  of  the  ceiitrej^  of  association  for  convergence 
and  accommodation,  the  i)ersistence,  in  fact,  of  a  state  of 
innervation  whicli,  under  existing  conditions,  is  cMmstantly 
called  for. 

Tlie  first  factor,  vi/.,  fusion,  is  the  more  powerful  in  bringing 
about  a  perfect  association  in  the  convergent  movements  of  both 
eyes,  tlie  greater  the  equality  as  well  as  acuity  of  their  vision. 
Something  also  depen<]a  on  the  functional  activity  of  the  central 
mechanism  of  fusion.  Thus  we  see,  in  the  first  place,  when  the 
vision  of  one  eye  has  from  some  cause  or  other  become  imftaired, 
a  want  of  correspondence  in  the  convergent  movements  in  cases 
where  such  has  previously  existed  only  in  a  latent  form ;  and, 
in  the  second  place,  it  sometimes  hap]tens  that  w'hen  similar 
latent  convei-gent  effects  have  been  always  hitherto  ovei-come 
in  the  interest  of  Itinocular  vision,  some  deUilitaling  intUience 
leads  all  at  once  to  a  failure  in  the  maintenance  of  this  regulating 
jwwer,  notwithstanding  the  existence  of  good  vj.sii>u  in  Loth  eyes. 
In  other  words,  we  may  sec  a  manifest  squint  occasioned  by 
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(iiniinished  fusion,  dne  either  to  circumstances  which  obv 
diiuinish  the  necessity  for  binocular  vision,  or  lo  par 
nervous  centre  of  fusion  itself. 

The  power  of  fusion  is  much  greater  in  the  lateral  than  ii 
ithe  vertical  moveuieutK,  because  much  more  frequt»iii!y  eilli4 
for.  In  this  respect,  too,  the  internus  has  the  advaniitgi'  uw 
the  exteraus,  while  the  power  of  all  to  overcome  difhcultie*  in 
the  interest  of  binocular  vision  is  strengthened  by  pnu;tit»*. 
a  rule,  under  normal  conditions,  when  a  distant  object  is 
a  prism  of  6'  to  8*,  held  with  its  l>ase  inwards  in  front  of « 
eye,  the  eftcct  of  which  is  to  displace  outwards  the  direction 
which  the  object  apj>ears  to  lie,  can  l)e  overcome,  u. 
diplopia  to  which  this  gives  rise  can  be  removed  by  a  mor 
outwards  of  the  eye.  This,  however,  is  about  the  limit,  wIwwm 
prisms  with  the  bases  outwards  of  20"  to  40''  or  more,  niav  \x 
overcome  by  an  inward  rotation.  In  a  vertical  direction  Any 
prism  stronger  than  4"  Cand  often  less)  usually  gives  rise  to 
diplopia  which  cannot  be  overcome.  In  exceptional  ms«  * 
much  greater  vertical  prismatic  separation  can  be  overoeoe 
by  fusion. 

A  study  of  the  conditions  influencing  associated  movezuenu 
not  only  throws  light  on  the  pathology  of  the  onlinary  \ym 
of  strabisiuus,  but  also  affords  an  explanation  of  many  iiy\va 
irreguliiritics  in  the  manifestations  of  paralytic  squmta.  hihI 
consequently   of  diagnostic   importance.      The   most  iu 
associatio!!  between  accommodation  and  convergtMioe  is  prtae 
wlien  a  certain  amount  of  accommodation  induces  at  tlw  swue 
time  a  corresponding  degree  of  convergence  of  the  visual 
from  their  jHisitiou  of  reat^     What  must  therefore  be  loo! 
upon  as  a  theoretically  nonnal  connection  is  a  simultau 
accommodation  for,  and  convergence  on,  the  same  point 
could  obviously  only  take  place  (as  a  result  of  tlie  in 
asHociiition  of  the  impulses  to  these  two  movements  alnne, 
independently  of  other  regidating  factors)  when  tliere  was  tA 
Biime  time  emmetropia  and  paralleUsm  of  the  axes  of  vision 
the  state  t>f  rest..     Tims,  in  the  case  of  ennnetropia,  when  a  jvi 
of  {  metre  from  the  eye  is  accommodated  for,  and  therefi 
4  dioptres  of  accommodation  brought  into  play,  there  sh 
(provided  the  axes  in  the  state  of  rest  are  piinillel)  conv 
of  the  eyes  on  the  same  point,  or  what  wouhi  now  be 
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4-metr<'  angles  e»f  convergence.  In  order  fiillj  to  understand, 
Ivwrvpr,  in  liow  far  the  accomnuxlrttive  and  convergent  move- 
montM  are  ultiniatcly  connected  in  any  individual  case,  it  is 
obvioiuily  necessar)-  to  know  in  the  first  place  the  Btate  of 
refraction  of  ejich  eye,  and  in  the  second  the  position  of  equili- 
briuiu  of  the  visual  axes,  or,  in  other  words,  the  staiting-ptnnt 
of  convergence.  If,  for  instance,  in  a  case  of  eumieti-opiu  there 
ts  a  divergent  position  of  equilihrimn,  as  is  often  the  case,  the 
ideal  connection  between  the  assty^iuted  impulses  would  lead  to 
a  convei'gence  less  than  towards  the  point  accommodated  for. 
If  we  suppose,  as  before,  that  accommodation  took  place  for  a 
point  \  metre  distant,  tlie  convergence,  while  all  the  time 
equalling  4-metre  angles  in  amount,  would  direct  the  axes  to  a 
point  further  off  than  \  metre.  Again,  with  hypermetropia,  2*0, 
as  accommodation  for  a  |K>int  \  metre  from  llie  eye,  necessitates 
6  dioptrea  of  accommodation,  tlie  ideally  associated  degi'ee  of 
convergence  of  G-metre  angles  would  bring  the  visual  axes  from 
parallelism  to  be  directed  towards  a  point  \  metre  from  the 
eyes,  that  is,  the  distance  converged  for  woubl  be  nearer  than 
that  iiCGominodated  fur.  "NVliere  this  connection  existed  on 
occlusion  of  the  one  eye,  the  other  would  be  directed  on  the 
poiut  for  which  it  was  accommodated,  and  the  axis  of  the 
occluded  eye  would  cross  that  of  the  Hxing  one  at  a  nearer  point, 
i«..  the  ijccluded  eye  would  sUiud  in  the  position  of  convergent 
strubismufi.  In  a  similar  manner  the  ideal  connection  between 
accommiHlation  and  convergence  would  in  the  case  of  myopia 
IcHi*!  to  a  divergent  strabismus  of  the  occluded  eye. 

Tlie  ideal  connection  between  aceommodatiou  and  cou- 
Tergencc  is  fur  from  being  the  rule.  We  meet  in  fact  in  all 
states  of  refraction  with  many  cases  in  which  there  is  both  a 
latent  defect  antl  a  latent  excess  in  the  degree  of  associatetl 
oonvei:gence.  In  ennaetropia  a  near  approximation  to  the 
ideal  connection  is  the  rule,  although  there  i;;  frequently  some 
degre»r  of  latent  divergence  met  with,  less  frequently  latent 
convergence-  In  hy[H»rmetropia  it  is  the  rule  to  find  the 
convergence  lagging  behind  the  accommodation  in  amount,  so 
that  tlHTC  is  only  slight  convergence,  no  deviation  or  even 
divergence  found  behind  tlie  occluding  hand.  In  myopia,  on 
the  other  hand,  the  amount  of  convergence  is  usually  in  excess 
of  the  accommodation,  which  leads  to  less  divergence  behind 
38 
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the  cxMjliiding  baud  tlian  might  be  expected,  or  to  no  deritteB, 
or  even  in  some  cases  to  convergence. 

The  manner  iiiwhich  the  relation  between  convergence  ui»liOW(n- 
modatiou  may  bo  tosiod  jintctically,  is  by  cuu^inj^  Uiv  jKitit^nt  U  lix  vitb 
one  eye  an  object  at  about  10  inches  or  J  metre  from  lh<«  eyi^  'Mt 
the  obsen-er's  hand  is  lield  in  front  uf  tlic  other  fje  ;  on  th^n  r'-TwiriM 
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the  hand  after  twenty  or  tliirty  seconds,  the  previously  occImW  m 
cither  uudtes  a  nxnemeut  inwards  or  oulwanls,  or  n-tuains  in  ti« 
position  it  assumed  l>chind  the  occhidin^  hand.  If  after  rtnumng tb* 
hand  a  movement  nf  tlie  eye  takes  place  inwanU,  it  show^  llut  it  «m 
diverging,  if  oiitwaiils,  converging  relatively  to  the  ilimction  it  thotiW 
have.     It  is  im|>ortnr.t  in  making  this  test  to  make  sur«  Uwl  tb 
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nncovLTcd  eye  is  annirately  aeeommoilatpd  for  Uk*  objoi't  ftxwi.  ^^' 
may  then  proceed  to  determine  whetlier  the  atuto  of  mattt'R  intl  wiA 
is  accounted  for  by  the  iKKjition  of  etjuilibrium  of  innervntion  of  ti* 
muscles,  a  test  which  cannot  ulwnys  1m*  very  f«ati.sfin:torily  mndr.  VThU 
we  desire  to  discover  is  the  pi>sition  of  innor^'ntion  eqnililjriir' 
independent  of  any  accommoilativG  impulee.  In  the  raBo  of  vnUB 
tropia  and  myopia  all  that  is  required  is  to  exazuine  in  thi        "' 
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as  first  described,  with  this  differonce  only,  that  instead  of  fixing  a 
near  object  the  uncovered  eye  is  caused  to  fix  a  distant  one.  "When 
there  is  hypemietropia  an  approach  to  the  actual  condition  may  l^e 
made,  greater  or  less  according  to  circumstances,  by  correcting  the 
hypermetropia  before  making  the  test  j  but  even  when  the  total  hyper- 
metropia  is  correct(Hi  after  the  use  of  atropine,  there  may  still  remain 
a  certain  degree  of  convergence  brought  into  play  by  an  impulse  to 
accommodation. 

The  method  above  described  for  determining  the  relative  positions 
of  the  eyes  is  sufficiently  accurate  for  practical  purposes,  so  far,  at  all 
events,  as  the  lateral  muscles  are  concerned,  as  it  is  only  in  the  case 
of  the  more  pronounced  deviations  that  any  treatment  is  called  for. 
It  is  sometimes  desirable,  however,  to  make  more  precise  and  more 
definitely  quantitative  measurements  of  latent  deviations,  and  to  do 
this,  on  distant  fixation,  a  very  simple  and  easily  applied  test  is  that 
with  the  Ma*ldox  glass  nxl  and  tangent  scale.     The  patient  stands 
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Fig.  167. 

facing  a  large  scale,  gratluated  in  tenths  of  a  metre  angle  for  the 
distance  (5  or  6  metres)  at  which  the  test  is  made.  At  the  centre  of 
the  scale  is  a  candle  flame.  This  is  fixed  by  the  one  eye.  In  front 
of  the  other  a  cylindrical  rod  of  5  to  6  mm.  in  diameter,  of  chsar  red 
glass,  is  held  horizontally.  The  efl'ect  of  this  is  to  present  to  that 
eye  a  long  vertical  red  line  image  of  the  candle  flame.  If  there  be  no 
latent  lateral  deviation  of  the  eyes,  tliis  linear  image  appears  to  \t(iss 
through  the  centre  of  the  flame.  The  existence  of  a  lateral  deviation, 
on  the  other  hand,  causes  the  line  of  light  to  appear  to  cut  the  scale 
at  some  distance,  which  can  l)e  easily  read  on  the  scale,  to  one  side  or 
other  of  the  flame.  Fig.  166  A  shows  the  rod  fixed  opposite  a  slit  in 
a  small  metal  screen  which  prevents  any  object  being  seen  by  the  eye 
in  front  of  which  it  is  held,  except  the  elongated  image  of  the  flame. 
Fig.  166  B  shows  another  arrangement  consisting  of  a  number  of  rods 
by  which  the  same  effect  is  obtained  without  any  difficulty  in  bringing 
the  cylinder  opposite  the  pupil.  Fig.  165  shows  tlie  manner  in  wjiich 
the  line  of  light  is  projected  on  the  tangent  scale. 

For  the  accurate  measurement  of  deviations  at  nearer  distances  of 
fixation,  the  method  introduced  by  Maddox,  with  a  tangent  sc;de  and 
a  prism  of  10",  placetl  base  upwards  in  front  of  the  non-fixing  eye, 
may  be  most  conveniently  adopted.     Fig.  167  shows  a  portion  of  a 
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Bcale,  gnuluiited   in  inetro  anglo*  for  n  fixntion  distance  of   J  of  » 
metre — a  distiince  corresponding  sufficiently  to  the  ordinary  rradinj 
distance — when  the  soale  is  held  in  front  uf  the  patient  at  tlir  pP'p<T 
distance,  nnd  the  central  or  zort>  point  fixetl,  the  lower  arrow,  i>.,  U»j 
falae   iina^'e  caiist'd  by  the  prism,  {xnnts  in  the  number  on  the 
whieh  indicate-s  the  latent  deviation  for  ihnt  distance  of  fixation  atnl 
to  either  side  of  zero,  according  as  the  devij*tinn  is  ohl'  of  convet^^D'^ 
or  of  diverj,'eneo.     Kach  scale  should   liavo  attached  t<»   it  a  st 
such  a  length  that  wlien  the  free  end  is  held   by  the  fingrr 
individual  examined  against  his  own  temple,  the  distanrt?  at  whiS 
the  scale  should   ht»  used  is  oblaineil  by  kwidag  it  fttr*»tch*Nl.     Tt 
line  of  small  print  below  the  aciile  ia  introduced  with  the  obj 
securing  accurate  accommoilation,  a  matter  of  tht*  utnKwl  iin] 
in  uudting  mcasui-ementR  from  whic!h  any  deductions  a«  to  exifftit 
relations  between  accommo<lation  and  convergence  are  to  b»»  dmwtt 
For  measuring  vertical  deviations  on  distant  fixation  the  gla&s 
and  a  vertical  scale  graduated  in  degrees,  witli  a  small  llmni'  at  ihir" 
zero  jjoint,  in  most  convenient.     The  metn^-augle  scde  ha*,  of  cour***,^ 
only  a  raison  d^Hre  in  C4>nnection  with  lateral  deviations. 


PaRAITSIS  of  OCOUUI  Mt'SCLKS. 

When  the  action  of  any  muscle  of  the  oye  ib  weakened  tht 
i»  a  tendency  for  that  ey*3  to  lag  behind  when  an  attempt  ia-^ 
made   to  turn  both  eyes  in   the   direction   of   action   of  tlie- 
weakened  muscle.     In  the  case  of  paralysis  of  either  of  ihtj 
lateral  recti^  the  defect  in  the  associated  movements  of  the  twi 
eyes  to  the  one  aide  is  often  quite  appreciable   on  mere  in- 
spection, it  l>eiug  evident  where  the  weakness  lies,  though, 
there  !«  only  slight  paresis,  such  defect  may.  although  it  doe»J 
exist,  escjipe  observation.    In  such  cases,  and  mostly  in  this  c*« 
of  paresis  of  other  of  the  oculo-motor  muscles,  the  <!iAgnosis  is 
most  readily,  or  it  may  be  only,  arrived  at,  by  a  cousideratioi 
of  the  diplo/yia  or  double  vision  to  which  the  condition  givi 
risa     If  in  any  position  of  fixation  the  two  visual  axes  do  doIj 
cross  on  the  object  fixed,  there  is,  provided  there  existed  pi 
viously  true  binocular  vision,  diplopia  for  that  positifjii.     Th 
diplopia  is  more  and  more  marktnl,  i.<\,  the  distance  of  the  douhl 
images  apart  is  greater  and  greater,  the  further  the  object  fixt 
lies  towards  the  liouudary  of  action  of  the  weakened  muscle. 

To  facilitate  the  examination  of  the  nature  of  the  diplopi 
in  any  case,  it  is  customary  to  place  a  coloured  gloss— most 
veuiently  a  dark  i-ed  ghiss — in  front  of  one  eye,  and  caoto 
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■piitient  to  look  with  both  eyes  at  a  caudle  tloiue  held  in  the 
obser\er's  hand  at  a  distance  of  a  few  feet  froui  the  jmtient. 
Thia  plan  not  only  renders  the  dijilopia  uiore  apparent  to  the 
patient,  owing  to  the  tlifierence  in  colour  of  the  two  images  which 
it  produces,  but  also  indicates  to  the  observer,  from  tlie  state- 
ments uf  the  patient  as  to  the  relative  poMitious  of  the  coloured 
and  imcoloured  images,  the  relative  positions  of  the  image  of 
either  eye,  from  which  he  deduces  the  relative  position  of  the 
eyes  themselves,  and  consequently  arrives  at  the  conclusion  as 
to  which  muscle  or  muscles  fail  to  perform  their  function.  The 
coloured  glass  should  be  held  in  frnnt  of  the  fixing  eye,  which  is 
ut  the  same  time  generally,  tliougli  not  always,  the  sound  one,  so 
far  as  the  muscular  defect  is  coucerned.  The  image  in  the  fixing 
eye  lieing  a  central  one,  i.e.,  one  falling  on  the  central  area  of  tlie 
retina  or  the  fovea  centralis,  is  always  more  distinct  than  the 
more  jieripheral  image  in  the  deviating  eye,  consequently  there 
is  produced  when  the  coloured  glass  is  held  in  front  of  tlie 
tiding  eye  a  less  considerable  dirt'erence  in  the  strengtJi  of  the 
two  impressions  than  would  be  the  case  if  it  were  held  in  front 
of  tlie  deviating  one,  and  on  this  account  there  is  less  tendency 
to  suppress  mentully  tfie  image  of  one  eye  which  would  render 
the  exanunation  of  the  di]'lopia  impossible. 

If  one  eye  be  directed  straight  forward,  all  objects  to  tlie 
outer  side  of  that  fixed  by  it  have  their  corresponding  images 
on  the  iimer  side  of  the  retina,  while  objects  to  the  nasal  side 
form  images  on  tiie  outer  side  of  the  retina.  In  order  to  be  able 
to  see  these  ol>jecta  distinctly,  we  should  have  to  move  the  eye 
outwards  nr  inwai'ds  resjmetively,  and  to  an  extent  varying  with 
the  position  of  each  object.  We  gradually  and  unconsciously 
ao.(|uire  the  knowledge  of  the  relative  pt)8ition  of  objects  from 
learning,  without  being  aware  of  it,  what  amount  of  innervation 
is  necessary  to  effect  and  regulate  this  directing  of  the  visual 
axes.  We  are  accordingly  in  the  habit  of  mentally  projecting 
images  lying  on  the  nasjil  side  of  the  centre  of  the  retina  later- 
[,  ally,  i.e.,  in  the  Ciise  of  ilic  right  eye,  to  tlie  right  of  the  object 
fixed  by  tlie  macula,  and  in  the  case  of  the  left  eye,  to  the  left, 
and  of  i)rojecting  images  lying  to  the  tempnral  side  uf  the  centre 
of  the  retina  medially,  /.c,  in  the  case  of  the  right  eye.  to  the 
left,  and  in  case  of  the  left  eye,  to  the  right.  At  the  same  time, 
and  for  a  Bimilar  reason — viz.,  as  the  result  of  the  acquired 
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knowledge  of  the  normal  position  of  the  eyes — sXw  St-life  ttl 
vision,  whatever  be  their  relative  position,  are  iis  u  rule  uu&uiaUr 
superposed,  consequently  the  visuiil  axis  of  u  deviating  «yc  I* 
mentally  projected  so  as  to  meet  that  of  the  fixing  eye  on  the 
object  tixtnl. 

From  these  two  laws  it  follows  that  when  the  jmsition  «f 
the  deviating  eye  is  one  of  too  great  convergence,  the  inu^ 
on  it  of  the  object  fixed  by  the  other  eye,  falling  t«  tlw  iiasi! 
side  of  the  retina,  is  projected  so  as  to  appear  displaoe*i  witb 
respect  to  the  image  of  the  lixing  eye,  in  the  opfKJsit*  dir?clioti 
\a\  that  of  deviation :  therefore,  in  tlie  cAS<i  of  ti^m  greal  w«- 
vergence  of  the  right  eye,  to  the  right,  and  of  the  Vxi.  to  tbt 
left.  Tliis  form  of  diplopia  is  calle^l  homont/moiiAy  as  thi'  UMge 
to  the  riglit  corresponds  to  the  right  eye,  ami  that  to  the  left  to 
the  left  eye.  Again,  if  the  deviation  be  one  of  too  great  divw- 
gence,  the  eccentric  image  is  fi>r  a  similar  reju^on  proiwl*?*!  as- 
hi^fore  in  a  direction  opposite  to  that  of  the  deviation!,  wtadi 
gives  rise  in  this  case  to  what  is  calletl  civ»sed  diplopia,  aft  the 
image  of  the  right  eye  a(»pears  to  the  left,  and  that  of  the  ]th 
to  the  right.  Therefore,  relatively,  too  great  ilivergenc*  witli 
respect  to  the  object  fixed  gives  rise  to  crossed  fliplopia. 

Where  there  is  a  paralysis  or  paresis  of  any  of  the  iua<ltf^ 
which  turn  the  eye  outwards,  there  will  be.  for  certain  jK«itittM 
of  fixation  at  any  rate,  relatively  too  groat  conveigeace,  tod 
conse<pient!y,  wliere  the  other  conditions  favouring  double  viwa. 
exist,  tiie  diplopia  will  be  homoiOTiious.  The  parches  iu  wbick 
we  might  therefore  expect  to  find  homonymous  diplopia  m* 
those  of  the  external  rectns,  and  also  of  either  obli^jne  muscle 

Again,  when  there  is  paralysis  or  pare^iis  of  any  of  tii« 
muscles  which  move  the  eye  inwards,  there  is  for  oeriaio  poa 
tious  of  fixation  ndativcly  too  great  divergence,  and  ennseijueallT 
the  existing  double  vision  is  crossed.  The  pareses  in  whicli  we 
find  crossed  diplopia  are  therefore  those  of  the  internal,  suj«m» 
and  inferior  recti,  muscles. 

Besides  lateral  displacement  of  the  double  images,  twootl^f 
directions  of  displacement  require  attention,  viz.,  the  vertical 
and  the  torsional  displacements.  When  one  eye  lags  Iwhind  in 
an  attLMUpt  at  assoriated  vertiwil  movement,  or,  in  othi^r  woriv 
when  its  visual  axis  deviates  fix»m  the  point  fixed,  either  upwanli 
or  downwards,  the  image  on  it  of  the  j^joint  which  is  fixed  by  ibfl 
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of  the  properly  directed  eye  appears  displaced  in  space  in 
ction,  with  respect  to  the  image  of  the  properly  directed 
pposite  to  that  of  the  deviation — ie.,  when  the  deviation 
(rnwards,  the  image  of  the  deviating  eye  appears  higher 
.hat  of  the  other ;  and  when  the  deviation  is  upwards,  the 
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FiQ.  168. — Shows  manner  of  projection  in  abnormal  convei^noe 
>f  right  eye.  0*  point  fixed  by  left  eye  ;  m  n  ei,  direction  of  visual 
bxis  of  right  eye,  m,  its  fovea,  n,  its  nodal  point ;  x,  position  of 
mage  of  0  in  right  eye ;  m'  n'  0',  position  in  which  individual 
inconBciousIy  suppose  right  eye  to  be  ;  a;'  n'  0',  direction  in  which 
ight  eye  projects  image  of  0 ;  m  x~m'  x'. — (After  Alf.  Graefe.) 

of  the  deviating  eye  is  lower  than  the  other.     To  the 
eye  corresponds,  then,   always   the  higher  imt^e,  and 


le  explanation  of  this  is  exactly  similar  to  that  which  has 
Ben  given  in  the  case  of  lateral  displacement.    The  indivi- 
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dual  is,  so  to  speak,  unconscious  of  the  i>osition  of  the  demtiag 
eye,  which  he  imagines  to  be  directed  in  accordance  with  tlie 
hitherto  existing  laws  of  association.  He  therefore  pn^jeou  its 
image,  not  in  accordance  with  its  actual  position,  but  with  the 
position  into  which  the  associated  impulse  should  have  bniught 
it,  had  there  been  nothing  preventing  it  from  responding  to  that 
impulse. 

The  same  misinterpretation  of  the  actual  position  of  the 


Fig.  169. — Shows  manner  of  projection  in  abnormal  diverpi'nc*-. 
L'ittering  as  in  Fig.  168.  x'  n'  0\  direction  in  which  image  of  0  i- 
projected  by  right  eye. 

doviating  eye  explains  also  the  torsional  displacement  oi  ii" 
projected  image,  which  is  found  for  definite  positions  of  tixati'-n 
in  some  forms  of  paresis.  When,  owing  to  the  paralysis  '-r 
paresis  of  a  muscle,  the  torsional  effect  which  it.s  action  should 
produce  on  the  position  of  the  eye  is  absent  or  incomplett^  tk' 
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twisting  of  the  pnijootod  iiniige  is  also  iu  the  op]x)Hite  ilircrtion 
of  the  de\iation :  thus  if,  instead  of  heiiig  twisted  to  the  right, 
the  eye  remains  untwisted,  ix.,  remains  Inihind  the  other  to 
the  left,  n&  far  as  torsinn  goes,  the  projected  image  is  twisted 
lo  the  rights 

The  manner  in  which  the  image  of  the  deviating  eye  is 
usiijilly  pn»jootcd  explains,  too,  a  symptom  which  is  often  met 
with  in  fresh  cases  of  piiralysis  or  paresis,  viz.,  a  giddiness 
and  uncertainty  in  the  movements  of  the  indi\-idual.  If  the 
pntient  l)e  made  to  fix  with  the  aflected  eye  whilst  the  other 
is  occluded,  he  sees  everytliing  to  the  side  of  the  paralysed 
or  paretic  muscle  displaced  iu  tlie  ilirection  of  action  of  that 
muscle.  This  may  he  readily  demonstrated  by  causing  him  lo 
grasp  quickly  witli  the  hand  of  tlie  some  side  at  the  object 
which  he  attempts  to  fix  with  the  affected  eye,  when  it  is 
found  tbat  lie  grasps  too  far  in  the  direction  of  action  of  the 
weakened  muscle.  In  order  that  tliis  expeiimeut  should  suc- 
ceed properly,  his  hand  must  have  been  previously  out  of  view, 
and  the  attempt  at  j^rasping  bo  made  quickly,  otherwise  it  is 
evident  that  the  conditions  for  rectifying  the  error  of  projection 
are  introduced.  The  giddiness  disappears  when  the  aflected  eye 
is  occluded,  but  not  if  the  sound  one  be  occbided.  For  a  similar 
reason  it  is  evident  that  the  dilliculties  intPKluced  by  paresis  of 
the  ocular  muscles  are  greater  when  the  atlected  eye  is  used  for 
fixation.  Wlieu  this  is  the  case,  there  is  at  the  same  time,  when 
double  'vision  exists,  a  greater  separation  of  the  double  images 
tlian  is  the  case  when  the  sound  eye  is  the  fixing  one.  I)ecause 
ihe  unwonted  effort  required  by  the  affected  eye  for  fixation 
of  objcf'tjs  Ijing  in  the  direction  of  the  jMii-etic  muscle  i.s  asso- 
ciated with  a  greater  movement  in  the  same  direction  of  the 
otiier  eye,  for  which  there  exists  no  impe*limeut  to  movement  in 
that  direction. 

The  deviation  of  the  sound  eye,  wlien  the  affectetl  one  is  ufie<l 
(or  fixation,  is  called  the  secondary  denation,  as  distinguished 
from  l\\iy  primary  <ieviution  of  the  affected  eye  when  the  sounil 
one  is  used  for  fixation.  The  secondary  deviation  is  evidently 
a  measure  of  the  degree  of  abnormal  effort  i-equired  by  the 
weakened  muscle  to  evolve  the  power  requireil  of  it.  The 
diiference  in  the  case  of  jmralysis  between  the  primary  and 
deviations  constitutes  one  of  the  essential  points  of 
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distinction   Ixatwecu   iiHUilytic  and   ordiuary    or   cuncQunU&t 
squint. 

Two  circumstances  may  affect  the  i>osition  of  lb*?  i]"nbfe 
iniaj^es  to  wliir-h  ^mrcsis  of  a  nni.srlr  givefl  rise:  (I.)  The]jreYiiw» 
]MJ8ilion   of  equilibrium   of   the   eyea;   and  (Z)  the  »)-c4M 
titrnmlnrff  conlntdvrc  of  the  untngouisiic  tjiuscIc     If  tlie  nalaral 
petition  of  eqnilihrium  be  oni*  of  considenible  diveirvine.  ihe 
homonymous  liisphicemuut  of  the  double  iuiage  in  pandj^  wf 
an  obhque  muscle  raay  not  appear;  if  it  bu  one  (»f  oorisiileraWr 
convergence,  on  tlie  other  hand,  the  crosses!  cluinicter  of  tte 
lateral  displacement  in  pjiralysis  of  the  sujierior  or  inferior  twtM 
may  not  be  present.    When,  again,  there  is  «  so-ciiUed  sccowliiry 
coiitnicture  of  an  antagonistic  nuiscle,  the  area  over  wln^'h  ibe 
diplopia    becomes   manifest  in   any  case  is  ext-eruled,  m  ihit 
instead  of  merely  existing  in   the  direction  of  acliou  of  tb* 
wealceiieil  muscle,  it  extends  over  more  or  less  of  ihiit  of  the 
untai^'onist  as  well.     The  f»ccurrence  of  a  secoudarj*  coutpK-tun' 
is  not  altogether  dependent  on  the  degree  of  the  primary  def«l. 
and  nifiy  even  exist  when  the  original  paresis  has  disapiMitwL, 
Wiien  the  secondary  contracture  is  marked  there  is  not  so  fer-l 
queully  diplopia.     In  the  case  of  pai'alysis  or  parcels  of  iht^ 
externtd  rectus  it  is  the  internal  rectus  which  is  secondarily cuii' 
trnt't(*(l,  ill  jMiralysis  aiul  part'sis  of  the  superior  oblique  il  tuaT 
be  either  the  inferior  oblique,  or  superior  rectus,  or  lto(b. 

Secondary  contracture  in  ocular  paralysis  is  not  anak>}j>»UB  t'l 
contracture  of  muscles  elsewhere  in  the  body.  There  l^.  for  in- 
stance, no  fixing  of  the  eye  iu  one  position ;  it  is  free  to  move  ifl 
the  direction  opposite  to  that  of  the  supposed  cont  TUJ 

term  is  obviously  a  misnomer.     The  cause  of  the  j"    .         uitii 
action  of  the  one  muscle  iu  any  cose  is,  in  fact,  the  alterAtion 
produced  in  the  relative  innenation  of  the  antagonLstic  uuiscfea-j 
Tiled  IfTereuce  in  tht^  nmount  i\\  ditlerent  eases  is  no  doubt  in 
to  the  different  original  states  of  innervation  which  exist 

It  is  not  always  easy  to  tell  without  determining;  the  natnif! 
of  the  diplopia  for  which  e3-e  tiio  paresis  exists.     This  is,  liov- 
ever,  readily  done  by  noting  to  wkUk  rt/c  thnt  xmny*  bf^tf^ 
trhu'h  lUsfuiihest  m  th^:  dirfciion  in  which  the  sqoarationp/th* 
tvo  i}na^e$  isyrtatcM,    That  eye,  therefore,  lags  behind,  and  tl* 
so  owing  to  a  weakness  of  the  muscle  w^hich  should  move  it 
that  direction. 
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The  image  which  appears  in  the  wrong  place  is  often  recog- 
nised by  the  patient  himself  as  i\\^  false  image,  tliat  which  is 
seen  in  its  proper  place  as  the  true.  As  the  sound  eye  is  gene- 
rally used  for  fixation,  the  false  image  is  at  t!ie  same  time  most 
frequently  less  distinct  than  the  true  one,  corresponding  us  it 
does  to  a  peripheral  retinal  impression. 

There  may  be  paralysis  or  paresis  of  one  or  more  ocular 
muscles  without  any  diplopia.  There  are  several  reasons  for 
this.  When  a  deviation  of  the  axis  exists  for  some  definite 
positions,  and  yet  does  not  give  rise  to  the  diplopia  which 
should  characterise  the  strabismus,  this  is  either  because  the 
image  of  the  deviating  eye  is  suppressed  mentally,  or  because  tlie 
patient  has  acquired  the  habit  of  projecting  the  images  falHng 
on  the  deviating  eye  in  accordance  with  the  i)ositiou  it  assunies, 
and  not  in  accordance,  as  is  the  rule,  with  the  impulse  to 
associated  movements. 

The  first  is  the  most  common  cause.  But  even  when  there 
is  in  no  position  any  deviation,  there  may  yet  exist  a  paretic 
condition  of  one  of  the  ocular  muscles.  Thus  it  often  happens 
that  the  paresis  is  so  slight  that  it  can  be  overcome  by  fusion  in 
the  interest  of  binocular  visi(»n.  This  is,  of  course,  most  common 
in  cases  of  paresis  of  one  of  the  lateral  muscles,  as  the  power  of 
fusion  is  greatest  laterally.  It  is  mostly  met  with  in  cases  of 
internus  paresis,  as  in  such  cases  a  much  greater  defect  may  be 
overcome  in  this  way  than  is  usually  possible  when  the  ex- 
temus  is  weakened.  In  order  to  detect  whetlicr  there  is  a 
hidden  paresis  of  this  nature,  all  that  is  necessary  in  the  case  of 
the  lateral  muscles  is  to  place  a  prism  with  the  base  directed 
exactly  upwards  or  downwards  in  front  of  one  eye,  and  note 
whether  there  is  (1.)  any  lateral  displacement  of  the  resulting 
double  image  in  addition  to  the  vertical  displacement  produced 
by  the  prism;  and  (2.)  whether  the  lateral  displacement  in- 
creases or  diminishes  to  either  side.  A  more  delicate  test  of  the 
same  nature  can  be  made  by  using  the  Maddox  rod  instead  of  a 
prism.  A  lateral  displacement  which  did  not  alter  in  extent  to 
either  side  would,  of  course,  not  indicate  a  paresis  of  any  parti- 
cular muscle,  but  merely  the  position  assumed  by  the  eyes  for 
fixation  at  the  distance  at  which  the  test  was  made  when 
deprived  of  the  regulating  influence  of  fusion. 

Of  the  three  nerves  which  supply  tlie  muscles  of  the  eye, 
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the  thini  and  sixth  are  more  frequently  paralysed  thfin  tf* 

fourtli.     If  we  consider  the  reliitive  fret^iiency  of  thet^-f 

of  paralysis  or  paresis  of  istdat^d  luufecles.  we  find  that 
the  external  rwtus  is  by  fur  the  most  frwjuent,  while  llmuii 
the  inferior  obli<iue  is  so  rare  that  only  a  few  castas  hn\*'  K*n 
recordetl  altogether.  Tlie  siij>tjrior  obli<|ite  id  ah»o  fre-jfi^nily 
panilyscd,  while  isolaUnl  paralysis  of  the  superior.  uit-rr'T 
and  internal  recti  are  amongst  the  unconinum  aiTe(;ii>>iL-  'A 
the  eye. 

Besides  the  isolated  paralysis  of  the  nerves  which  sujf  Iv  lU 
muscles  of  the  eye,  or  of  the  twi^^s  supplying  specud  iniuK 
we  meet  with  all  |x>asil»le  varieties  of  inott-  coniplicaLed  i«uivlysa 
in  one  or  both  eyes,  tlie  diagnosis  of  which  can  l«e  geuerall* 
rejidily  enough  made  from  a  eonsideration  of  the  doul>lv  imiWS* 
An  interesting  form  of  coniplicate<l  paralysis  is  the  jvrni/ysu  «/ 
agsocuitefi  muvrmcrUsf.  Thus  we  s»>uietiiiieB  meet  with  in<Tf  or 
leas  complete  paralysis  of  convergence  iu  cases  w^here  the  two 
internal  recti  are  nevertheless  capable  of  acting  In  ussoditioD 
with  the  exteniL  A  considerable  nutiiher  of  sucli  cases  have 
come  under  my  own  oWrvation.  On  the  other  hand,  a  nu«t 
or  less  complete  loss  of  the  power  of  mosing  lM>th  eyes  to  ll« 
right  or  left  sometiuies  occurs  wlien  the  convergent  movr^mentf 
reiuuiu  intact.  Similar  defects  in  iisi>(»ciatetl  moveiueul*  in 
other  directions  are  also  met  with,  though  less  fre<|ueuUy. 
Occasionally  there  is  [windysia  of  the  same  muscle  or  mujdtf 
on  l>oth  sides.  I  have  most  frequently  seen  p^iralysis  <if  bi)lb 
extend,  but  I  have  alst*  met  with  paralysis  of  lx>th  interni,  Aiiil 
of  the  two  inferior  recti  alone.  Tlie  latter  condition  is  diagnwed 
from  iMiralysis  of  associateil  movement  downwards  by  Uie 
existence  of  diplopia  in  the  secondary  jxiaitions.  Paralysis  of  iB 
the  external  muscles  of  both  eyes — what  hns  lioen  valM  ^ 
Hutchinson  ophtknlinojdcata  euicnia — occurs  either  as  out^  "f  tiie 
mnnifestations  of  gross  cerebral  disease,  or — ami  then  geue-ril^i 
so  far  as  my  experience  goes,  without  any  complication,  ovnng 
to  disease  of  the  nuclei  of  third,  fourth,  and  sixth  nen»*^ 
sometimes  the  two  third  nerves  alone  are  paralysed. 

Pahalysis  ok  thk  ExTEHNAr,  Rectus,  on  Sixth  XEftn:— 
AVhen  this  condition  exists  the  power  (»f  aUluctiou  is  moreor  JtfB 
comjiletely  lost.  If  there  has  previously  l>eeu  binocular  riwoo, 
and  the  pandysis  is  recent,  there  is  homon}Tncm8  diplopia*  which 
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nluiost  invariably  extmuls  more  or  less  over  to  the  side  of  the 
8ound  oye.  The  tlou!)Ie  in)ages  increase  in  distance  ajKirt  the 
fiinljer  the  oliject  is  carried  tn  thu  Hule  <tf  the  aftected  eye.  For 
|uaJ  lut^jnil  distutices  from  the  middle  line,  the  double  images 

■are  genenilly  further  apart  for  Hxatioii  lielow  the  horizniital 
plaiio  ihitju^^ii  the  »^ye.s  thun  for  fixation  alKivt?  that  phine.  The 
reason  of  this  is  that  divergence  in  ttie  interest  of  fusion  with 
the  eyi*a  lowered!  is  more  ditlicult,  liec^use  rarely  required,  than 
with  the  eyes  raised.     At  the  same  time  the  false  ijiuige  in  the 

t|Mcoudary  jxisitions  is  often  slightly  inclined  from  the  true  one 
above,  and  towards  it  l>eIow.     This  :iri^e?^  from  tlie  aljsence  of 
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Tro.  170. — Potitiou  uf  double  imA^pi:  in  panlysin  of  right  external  rectus. 


torsion  caused  by  the  want  of  participation  of  the  outward 
movement  with  the  vertical  movements  of  the  eye. 

Fig,  170  gives  schematically  the  positions  of  the  double  images. 
Paralysis  of  the  right  external  rectus  is  more  *listrcssing  tlian 
j)aralysis  of  the  left,  owing  to  its  interfering  more  with  reading. 
Freqviently  the  patient  keeps  his  head  rotated  to  the  side  of  the 
paralysed  muscle,  and  fixes  objects  struiglit  in  front  of  him  with 
hia  eyes  turned  to  the  other  sida  In  this  way  he  ellects  a  more 
useful  disposal  of  the  area  of  eiugle  vision.  The  lesion  pro- 
ducing paralysis  of  the  sixth  may  be  central  or  peripheral,  and 
the  causes  various. 
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the  thirri  and  sixtli  are  more  frequently  ywiralyi 
fuurth.     If  we  consider  the  relative  frequency  of  tl 
of  paralysis  i\x  paresis  of  isolated  uiuseles.  we  find  that 
the  external  rectus  is  by  far  the  uioat  fre<|uent,  whill 
the  inferior  oMique  is  so  rare  thai  only  u  few  ca»*M_ 
i-ecordeii  altogether.     The  superior  oblique  is 
pamlysed,    while   isolated   iwiralysis   of  the  supei 
and   internal    recti  are  amongst  the  uncommon 
the  eye. 

Besides  the  isolated  paralysis  of  the  nerves  whi< 
muscles  of  the  eye,  or  of  the  twigs  iiupplyinj 
we  meet  with  all  possible  varieties  of  more  eompli* 
in  one  or  both  eye-s,  the  diaj^nosia  of  which  can 
readily  enough  made  fn>ni  a  consideration  of  the  <loubU 
An  uiteresting  form  of  cnmpliciited  paralysis  is  the  fixr\^ 
afisocUiied  viovemaiis.  Thus  we  sometimes  meet  with  1 
less  complete  paralysis  of  eonvei^ence  in  cases  where., 

'Utii  recti  are  nevertheless  ctt|w.hlc  of  acting 
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Pahalysih  of  the  Supkiuok  OuuyiK  MrscLK,  (ik  I 
Xekve. — In  this  purulysis  there  is  uioreor  lese  restriction  -.n 
|:K>wrrof  in*)vinjj;  Uil*  oye  ilowuwarJa,  most  murked  wheath»' 
is  directed  inwurds,     Tlu'  diplopia  exists  only  iu  lh<?  li»v\ 
of  the  tield  of  tixation.  unless  the  pi^eponderunco  of  the 
ohlitjue  or  superior  rtt?tu8,  or  brith,  is  assertisl.  as  is  'V 
case.     The  diplopia  is  homouyniows,  vtTtical,  and  lorsi'Hii: 
pcreateat  verticiil  displacoment  ot-cura  for  fixation  dou:> 
and  inwanls;  the  griNiti^st  toi-sioual  dinplucenient  for  '\ 
downwards  and  outwanls;  the  inin^«  slope  towards  iw.'h»  • 
Sometimes  the  homonymous  character  of  t?ie  diplopia  L^ 
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Flo.  171. —  Pututiun  of  dotibli-  iuiag«  in  joltoIjiiU  uf  riglit  SMJpcricir  uMi^t 


Tnarke<l,  or  the  images  may  even  lie  cwKsetl  and  plofiinj:  fn'Hi 
eaeli  fither.  TJie  explanation  of  this  hjus  alre^idy  l»e*»u  ^.vm 
(see  page  602).  Wlien  there  is  pre^mn*ierance  of  contmctii^i  nf 
the  inferior  oUlique.  there  is  crossed  diplopia  in  the  upper  Iwilf 
of  the  field  of  vision;  when  nf  the  superior  re<:tns,  hninoDT- 
juous  diplopia. 

Fig.  171  p^vca  snhemfltieally  the  ammgement  nJ  ifie  ti>-.n  j"- 
images  in  the  primary' and  seconiUi-y  positions.  (Compare  «uii 
chart  for  inferior  rectus.)  I'arulysis  of  tho  fiui>orior  oMiiiue 
causes  diHiculty  iu   moving   alnjut,  especially  in   j^oing  dovn 


PARALYSIS  OF  THE  SUPERIOR  RECTUS.      607 

stairs.  The  patient  generally  holds  his  head  downwards,  Jind 
towards  the  sound  eye,  and  thus  efl'ects  a  more  useful  disposid  of 
the  area  of  single  \'ision.  The  lesion  in  pai-alysis  of  the  fourth 
nerve  is  either  peripheral  or  central,  and  the  causes  various. 

Paralysis  of  the  Inferior  Rectus. — Movement  of  the  eye 
downwartis  is  more  or  less  restricted,  mostly  when  turned  out- 
wards. The  diplopia  exists  only  for  the  lower  part  of  tlie  field 
of  fixation,  except  when  there  is  a  manifest  preponderance  of 
the  superior  rectus,  or  inferior  obli(iue,  or  both,  and  is  crossed, 
vertical,  and  torsional.  The  greatest  vertical  displacement  is 
found  for  fixation  downwards  and  outwards,  the  greatest  tor- 
sional displacement  for  fixation  downwards  and  inwards,  and 
the  double  images  slope  towards  each  other.  Occasionally  the 
diplopia  instead  of  being  crossed  is  homonymous,  and  the 
images  slope  away  from  each  otlier.     When  there  is  so-called 


Fio.  172. — Paralysis  of  right  inferior  rectus. — Diplopia  in  lower 
portion  of  field. 


secondary  contraction  the  diplopia  is  less  crossed,  or  even 
homonymous,  if  the  superior  rectus  be  contracted;  markedly 
crossed  if  the  contraction  be  mostly  in  the  inferior  oblique. 
Fig.  172  gives  schematically  the  relative  positions  of  the  double 
image  in  the  lower  part  of  the  field  of  fixation.  (Com])are 
with  those  of  superior  oblique.)  The  inferior  rectus  is  seldom 
paralysed  alone,  though  fretjuently  along  with  other  muscles 
supplied  by  the  third  ner^'e. 

Paralysis  of  the  Superior  Kectus. — Movements  of  the  eye 
upwards  are  more  or  less  restricted,  principally  when  it  is  turned 
outwards.  Attempts  to  move  the  eye  Tipwards  are  associated 
often  with  retraction  of  the  upper  lid,  giving  a  staring  appear- 
ance. The  diplopia  exists  only  for  the  upper  part  of  the  field 
of  fixation,  except  when  there  is  a  manifest  preponderance  of 
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the  inferior  rectus,  or  superior  oblique,  or  botli,  and  iscnnd, 
vertical,  luul  torsional.  T]\v  grefiti^st  vertionl  sepiirntionof  tfc? 
images  occurs  for  fixation  upwards  ajid  outwards,  the  gmlect 
torsionul  displnceiuent  for  fixutioti  upwards  and  in  wards,  and  tl^ 
images  slope  away  from  each  oiher.  When  the  eye  is  di«pkfl^H 
in  the  direction  of  the  antiigonLstie  uiiu*cle.¥.  the  diplopia,  wUH 
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Fio.  173. — P*ralyMi«  of  right  auiHrrior  pcetun. — L>iplo]iiA  in  tipj«r 
purttuti  uf  the  field. 

extends  t^)  the  lower  part  of  the  field  of  fixatioxu  is  iheu  oft*^ 
homuuymcHis.  Fig.  173  allows  the  relative  positions  of  the  ikiubk 
imtige  in  the  upper  part  of  the  field  of  fixatioiu  (Compare  irirfi 
dingrum  for  pjindysls  of  inferior  ohiique.)  The  suj>erior  rtclw 
is  seldom  ptinil yaed  alone,  thougli  often  along  with  other  muscl'* 
supplied  by  the  third  nerve. 

I'AKALYsia  OF  THE  INFERIOR  Ohuque. — Movements  oi  iht 
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Fio.  174.~Parsl>'Bis  of  right  inferior  oblii[ue.— DiplopU  in  upper 
portion  of  field. 

eye  upwards  are  restrictetl,  esi)eciaUy  when  it  is  at  Uie  same  liw 
adducte<l  l>iplopia.  unless  there  be  a  niauifest  preiwiidftniitt 
of  one  of  the  niuselea  whirh  rut^ite  tlie  eye  downwards,  odIi 
ejtists  for  the  upi>er  portion  of  the  fiehl  of  fixation,  aiui  is 
homonymous,  vertical,  aad  torsional.  Tlie  greatest  diffeTnice  iu 
height  of  the  double  images  is  seen  for  attempts  at  fixHtion 
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upwunls  and  inwards,  the  greatest  torsion  for  fixation  upwards 
and  outwards,  and  tlie  imagers  slope  away  from  each  other. 
Fig.  174  shows  the  position  of  the  douliU*  images  in  tlie  upper 
portion  of  the  field  of  fixation.  (Compare  with  those  caused  by 
patHlysis  of  superior  rectus.)  The  inff^rior  nliliipin  is  almost 
never  ]>aralysed  alone,  though  often  aloii)^  with  uther  muscleis 
supplied  by  the  third  nerve.  Occasionally  a  paralysis  of  this 
musc^le  has  l)een  met  with,  owing  to  the  accidental  detach- 
ment of  its  origin  caused  by  wounds  about  the  inner  angle  of 
the  orbit. 
|m  Paualysis  of  THE  INTERNAL  Kectus. — There  is  more  or  less 
HpStriction  of  tlie  inward  movement  of  the  eye.  Diplopia,  owing 
to  manifest  preponderance  of  the  exteruus,  stretcher  more  or 
le&s  over  to  the  side  of  the  field  opposite  to  that  of  the  aflected 
eye.  The  diplopia  is  crossed,  and  the  double  images  increase  in 
distance  apart  as  tlie  object  fixed  is  carried  to  tlie  side  of  the 
aiiectetl  eye.  In  the  secondary  positions  there  is  slight  sloping 
of  the  ftdse  image  as  well  Paralysis  of  the  internal  rectus  is 
one  of  the  rarest  forms  of  isolated  parah-sis,  thougii  it  is  often 
the  muscle  most  completely  weakened  when  the  third  nerve  a.s 
a  whole  is  paralysed. 

Takalysis  of  the  Thikd  Nerve. — There  is  more  or  less 
drotJpLug  of  the  upper  lid,  mydrijisis  and  defective  accoimnoda- 
tioD.  Movements  of  the  eye  iuwanls,  upwards,  and  downwards 
are  more  or  less  completely  abolished.  The  amount  of  possible 
downward  movement  is  not  only  dependent  on  the  dt^^e  of 
paimlysis  of  inferior  rectus,  but  also  on  that  t)f  the  internus  as 
well.  The  more  imperfect  the  adduction  the  leas  does  the  action 
of  the  superior  oblicjue  in  turning  the  eye  downwards  come  into 
play.  Diplopia  exists  all  over  the  field  of  fixation,  the  false 
image  lies  below  the  true,  and  is  sloped  outwards  both  for 
fixatiotk  outwards  and  inwards.  Paralysis  of  the  third  nerve 
is  very  c*>mmon,  and  is  often  incomplete,  occasionally  one, 
though  more  frei^uently  two  or  more,  of  the  nmscles  being  alone 
affecte<l.  or  more  markedly  aflected.  than  the  others.  The  lesion 
may  be  central  or  periphenil,  and  the  causes  variou&  When 
ire  is  complete  paralysis  of  the  internus,  it  is  not  always  quite 
to  be  sure  of  the  miction  of  tlie  superior  oblique,  which  is 
letimes  piralysed  at  the  same  time. 

If,  however^  there  be  any  appreciable  torsion  of  the  eye 
39 
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inwanis  when  the  uttempt  is  made  to  look  dowu,  we  nay  be 
pretty  sure  that  the  fourth  nerve  is  not  paraljraed. 

TIu  lesions  giving  rise  to  ocular  partdtf^is  may  In*  peri|»btfil 
or  centmL  Peripheral  lesious  may  be  situated  within  ibe  nrliil 
or  aft'ect  the  nerves  in  »nnc  part  of  their  cour&e  williin  Utf 
cranial  cavity.  Central  lesions,  again,  may  be  situated  at  tbfi 
ba-se  of  the  brain,  and  directly  or  indirectly  involve,  the  nurJa 
of  the  third,  fourth,  and  sixth  nerves,  wliich  all  he  within  4 
s|)ace  of  about  1  inch  long  by  }  inch  broad,  at  the  Inaeof  titf 
fourth  ventrical  and  iwjueduct  of  Sylvius.  Again,  they  miiyk 
aituuted  in  fionie  jwirts  of  tlie  brain  above  the  nuclei,  and  iiiTnlrf 
tibres  passing  to  them. 

It  is  by  no  means  always  eiisy  to  di!lt;reiiciate  ni  miv  jw- 
ticidar  case  between  a  central  and  a  peripheral  lesion.  The 
points  to  be  considered  in  attempting  a  diagnosis  of  this  natwe 
ai-e — (1.)  the  completeness  of  the  jiaralysis,  and  (2.)  the  existenct 
and  nature  of  complications.  An  isolated  and  complete,  or 
neaily  c^implete,  paralysis  of  th*!  fourth  t)r  sixth  nerve  is  aliniM 
certainly  of  peripheral  origin;  often,  indeed,  tlie  canee  hwni 
the  orbit,  but  the  existence  of  other  symptoms,  i>oijitins  U» 
changes  at  the  base  of  the  brain  would  be  strongly  suggtsliw 
of  its  being  intracranial.  Paralysis  of  the  third  nerve  prwenU 
greater  difliciiltiea,  lliougli  in  the  main  tlie  more  complrie  it  is, 
if  isolated,  the  more  likely  it  is  to  be  of  jM^ripheral  or^a  H 
associated  witli  puralyaia  of  the  fourth  and  sixth  of  tlie  auiifl 
side,  or  of  tlie  oppmsite  third,  but  unaccompinied  by  imr  other 
symptoms,  the  cause  is  almost  certainly  nuclear.  In  cts» 
where  paralysis  of  the  fourth  wqw^  on  one  side,  and  the  stith 
on  the  other,  constitutes  either  the  sole  or  the  main  syinplam. 
there  is  great  probability  of  the  lesion  being  situated  centrally 
with  respect  to  the  nuclei  and  to  the  side  of  the  j>anilyse<l  siiUu 
as  the  fibres  of  the  fourth  decussate,  while  those  of  the  sixth  do 
not.  In  ever}'  case  the  most  im|»ortant  positive  or  negative 
information  is  to  be  got  by  ascertttiuing  the  condition  of  func- 
tional activity  of  the  facial,  sympathetic,  and  tifth  nervca. 

Of  course  in  many  cases  of  severe  intracranial  disease  or 
injury  the  oculiir  paralyses  are  of  subordinate  importaua  to 
the  other  symptoms,  and  consequently  the  diagnosis  of  i*« 
significance. 
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To  complete  the  diagnosis  iu  any  case,  we  should  not  only 

ble  to  fix  on  the  site  but  also  on  the  nature  of  the  lesion, 

ift.,  whether  the  interruption  in  the  function  of  the  nerve  is 

the  result  of  neuritis,  atrojihy,  pressure  from  hiumorrhage,  or  a 

tumour,  or  is  more  indirectly  due  to  int-erferonce  with  its  blood 

supply.     It  is  only  rarely  that  a  complete  diagnosis  of  tliis 

nature  can  be  made.     S}'pliilis  is  the  cause  of  many  cases,  and 

tlie  syphilitic  lesion  may  be  of  every  pf»ssible  nature,  and  situaL^.*d 

either  centrally  or  peripherally,  the  latter  being  much  tiie  more 

common.     There  is  a  great  tendency  to  recuirence  in  syphilitic 

cases,  and  tlie  difTerent  attacks  do  not  always  involve  the  sjune 

nerves.     Oculo-mtitor  paralyses  are  also  met  wiLli  in  locomotor 

ataxia  and  other  degenerative  spinal  and  basal  affections. 

Rheumatic  paralysis,  or  that  due  t<»  cukl,  is  common,  and 
possil»ly  always  i>eripheral,  although  I  am  not  aware  that  any 
opportunities  have  occurred  for  studying  their  nature,  as  they 
are  usually  recovered  from.  Other  less  coiumon  causes  are  acute 
fevers  and  poistmings  of  the  nerve  centres,  amongst  whicli  may 
be  mentioned  diphtheria,  which,  though  frequently  followed  by 
paralysis  of  accommodatitui,  siddmn  gives  rise  to  oculo-motor 
paralysis.  Occiisionally  we  meet  with  congeuitnl  paralysis,  the 
most  common  being  ptosis  and  paralysis  of  one  or  both  sL.xtli 
nerves. 

Many  of  these  coses  are  no  doubt  due  to  congenital  muscular 
defects,  and  are  not  true  paralyses  at  all.  Our  knowknlge  on 
this  subject  is,  so  far,  very  defective. 

The  treatment  of  ocular  ptiral)  sis  simuld  be  general  and  local 
When  the  primary  cause  of  the  paralysis,  be  it  rheumatism, 
syphilis,  or  changes  in  the  nervous  system,  or  due  to  diphtheria 
or  any  other  form  of  poisoning,  is  apparent,  or  wlicn  there  exist 
fiuihcient  grounds  for  suspecting  any  definite  cause,  the  treat- 
ment found  to  Ik*  most  ettlcncinus  in  the  particular  affection 
shouhl  be  at  once  adopted. 

Local  treatment  may  be  instituted  on  three  lines: — (1.) 
Passive  movements  of  the  eye  in  the  direction  of  the  action  of 
the  weakened  muscle :  (2.)  Attt;ui])Ls  to  induce  active  movements 
of  the  weakened  muscle:  (<t.)  Opemtions  calculated  to  bring 
al.)Out  a  niore  advantageous  relative  jxisition  of  the  paralysed 
muscle  and  its  antagonist.  Passive  movements  of  the  eye  are 
made  by  seizing  the  conjunctiva  with  the  fixation  forceps  luid 
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roUiting  the  eye  forcibly  several  times  in  succession,  and  onct 
or  twice  daily  in  Die  diioction  of  the  action  uf  the  wwkenwl 
muscle.  This  can  be  done  without  causing  any  pain  by  tht'  t» 
of  cocaine.  Attempts  to  induce  active  movement  of  the  weakeW 
muscle  may  be  made  in  many  ways.  The  simplest  me-thcd  isW 
cause  the  patient  to  fix  biuocularly  some  definite  object,  sotb 
as  a  printed  word,  and  to  carry  this  object  gradually  farther  sad 
further  iu  the  direction  of  the  area  of  double  vision,  whilst  heii 
all  the  time  making  an  effort  to  fuse  the  images  of  the  two  era 
which  tend  more  and  more  to  separate.  The  tendency  to  foffloa 
is  sometimes  so  strong  in  cases  where  the  internal  rectus  i» 
paretic,  that  the  strain  which  maiuUiining  btnoculiir  xism 
entails  is  not  only  the  cause  of  considerable  discomfort,  uA 
even  jmin.  but  may  not  improbably  tend  to  retard  the  compl«t« 
recovery.  In  such  cases  the  patient  may  obtain  great  relit*/  Iff 
the  use  of  prisms  of  3*  or  4*,  with  their  bases  inwards  in  troot 
of  each  eye.  Ky  this  treatment  the  efTort^  to  fusion  are  rap- 
ported  and  the  strain  lessened. 

Electrical  Btinmlution  of  the  weakened  muscle,  either  by  lh< 
conBtant  <>r  induced  current,  is  recommended  by  many,  aaiia 
occasionally  of  use.  One  pole  is  brought  in  contact  with  the 
forehead,  and  the  other  with  the  closed  lid  over  th*?  affectid 
muscle.  There  is  a  great  tendency  for  the  paralysis  of  ocoUr 
muscles  to  disappear  ruore  or  less  suthlenly,  uuil  after  haTin^ 
existed  for  a  longer  or  sliorter  period.  Some  cases,  indeed,  only 
last  a  few  days.  They  are  consequently  well  suitcti  to  coafirtB 
the  fuith  which  many  place  iu  electro-therapeutics,  which  m 
point  of  fact  is  about  as  sucoessful  in  the  case  of  ocular  *i  to 
other  paralyses. 

Operative  interference  should  not  be  thought  of  until 
the  condition  has  remaine<l  unalteretl  for  a  sufhciently  long 
period  to  render  impossible  any  improvement  by  other  meauL 
Treatment  by  oi>eratioii  is  only  suitable  in  a  small  piDpo** 
tion  of  cases  of  i«»ralysis  of  oculo-motor  musclea  Interfen'wce 
of  this  nature  slioxdil  in  the  first  place  be  deferred  until  a  full 
year  luis  passed  since  the  onset  of  the  jinralj'sis.  The  advisabilitT 
of  openiting  will  then  depend  upon  whether  the  affection  *^ 
innervation  of  tlie  ocular  muscle  is  the  main  or  only  symptom 
present,  or  whether  it  constitutes  merely  one  sympt^^itu  awoiu: 
many  others  indicative  uf  serious  cerebral  diseaae.      In  tJie 
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alter  case  notliing  should  be  done ;  in  the  former,  if  one  mnscle 
klone  V»e  weakened,  or  if  the  paresis  be  only  marked  in  the  wise 
jf  one  musc'.le,  it  is  soinetime-s  pussilile  to  improve  matters  more 
W  less  considerably. 

As  isolated  jwiralyses  of  the  nmscles  snpplied  by  the  thinl 
ttorve  are  <jf  comparatively  rare  occurrence,  it  follows  that  tlie 
jases  which  offer  a  chance  of  improvement  by  operation  are  per- 
Kisteni  cases  of  paralytic  weakening  of  the  external  rectus  and 
of  the  superior  oblique.  Cases  of  paresis  of  tlie  external  rectus  of 
Mie  eye  are  not  onlyamontrst  the  most  frequent,  but  fortuiuitely 
kl  the  same  time  those  for  which  most  can  be  done  by  operation. 
[n  such  cases  the  oj>erative  effect  can  be  regulated  witli  greater 
nicety,  as,  just  as  for  concomitant  convergent  strabismus,  the 
improvement  in  the  relative  position  of  the  eyes  cjiu  be 
produced  by  the  combination  of  tenotomy  of  one  or  both 
internal  recti,  with  the  advancement  of  one  or  both  external 
recti,  according  to  tlie  degree  of  the  defect  to  bo  rectitied,  while 
there  is  besides  a  greater  natural  tendency,  as  has  already  l^een 
explained,  tij  tlie  fusion  of  the  double  images  wliich  freciuontly 
heightens  the  effect  of  a  suitable  operation. 

The  cases  for  which  opemtiona  may  be  jjerformed  present 
considerable  differences  with  respect  to  the  completeness  of  the 
remaining  paralysis  as  well  as  the  degree  of  manifest  preponder- 
ance in  the  action  of  the  internal  rectus  or  antagonist  muscle ;  the 
extent  of  the  tendency  to  fusion  must  also  l>e  taken  into  considera- 
,tion  in  the  selection  of  what  operation  or  operations  should  be 
J>erforraed  in  any  given  case.  The  main  object  of  any  operation 
[is  to  displace  the  area  over  which  double  vision  exists  as  much  as 

Essible  Uj  the  side  of  action  of  the  paralysed  muscle.  In  all 
368,  therefore,  in  which  some  power  has  been  retained  by  or 
stored  to  tlie  external  rectus,  it  will  generally  be  possible  to 
effect  tiiis  to  an  extent  wliich  is  practically  sufficient,  by  correct- 
ing the  degree  of  convergent  squint  which  exists  for  the  fixation 
of  objects  in  the  middle  line ;  while  the  improvement  thus 
obtained  will  be  more  complete,  the  greater  is  the  degree  of  such 
tetaaiuing  jwwer  and  tlie  greater  the  desire  for  fusion.  What 
in  most  cases  should  first  be  done  is  tenotomy  of  the  internus 
of  the  other  eye.  If  this  is  not  sujiicient,  it  may  be  followed, 
leither  at  the  same  time  or  afterwards,  by  advancement  of  the 
paretic  muscle  and  tenotomy  of  its  antagonist.    The  wurst  cases 
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nmy  require  in  udiiitiou  advancement  of  the  external  rectus  of 
the  sound  side. 

Cnses  of  persistent  paresis  of  the  superior  oblique  do  Dot  ^ 
themselves  to  such  complete  readjustment,  i\&  it  is  inqtoMWe 
either  properly  to  advance  the  paretic  luuscU^  or  to  vrestketi  ibt 
mechanisni  of  rotation  whicli  is  antagonistic  to  that  producciiW 
the  superior  oblique,  as  that  coidd  only  be  offectwi  by  tenolamy 
of  botli  the  inferior  rectus  and  the  inferior  oblique,  tlie  ktw 
of  which  cannot  l>e  satisfactorily  dona  Nevertheless,  by  tcw- 
tomy  of  the  inferior  rectus  of  the  other  eye,  a  very  oonai^ittrabte 
displacement  of  the  area  of  diplopia  can  be  obtained  in  giiitoiife 
cases,  as  was  first  pointed  out  by  Alfred  (Jraefe- 

SpaSMS  fiF  OCVLAR   MusCLES. 

spasmodic  contractions  of  single  oculo-niotor  muscles  vt 
not  only  of  extremely  rare  occurrence,  but  are,  owiuji  to  their 
inconstancy,  very  ditticult  to  diagnose.     A  much  more  wmiuim 
lurrence  is  u  st*asm  of  associated  movement.     Thus,  in  oorwr^ 
[uence  of  cerebral  irriUition,  to  account  for  which  there  ma)ror 
may  not  be  some  definite  lesion,  and  which  may  be  vantmdy 
localised,  a  forcible  deviation  of  the  eyes  takes  place  in  »»aie 
pai^ticular  direction  to  either  side,  or  upwards  or  downwards;.* 
it  may  be  a  spasm  of  the  convergent  movement  of  the  two  «t»- 
At  other  times  one  meets,  and  mostly,  in  my  experience,  in  cist* 
of  severe  cerebral  disease,  \vith  what  has  l»een  calletl  by  AlfnJ 
Graefe  a  disjmu'iion  of  the  co-ordinated  movenients  of  tho  eves. 
in  which  the  movements  of  the  eyes  appear  to  be  greatly  'ff 
entirely  independent  of  eacli  other,  and  to  be  at  the  sanw  tiiM 
deprived  of  volitional  control- 
No  general  lines  can  be  laid  down  fur  the  treatment  of  Mthj 
cases  of  associateil  or  dissociated  invohuitary  moven)ent8L    Eidi 
case  has  to  be  considered  for  itself,  btit  the  iminirlant  point  I*] 
remember  is  that  tliey  are  by  no  means  invariably  indicative  o(j 
serious  cerebral  disia*der. 

Concomitant  Strabismus. 

In  the  normal  state  of  the  eyes,  when  any  object  is  looked  1 
at,  the  visual  axe^  of  both  eyes  are  directed  simultaneously  oaj 
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e  same  jioiut  of  the  object.  There  is.  therefore,  snnultaueous 
Jiantwn  with  both  eyes.  When  only  one  eye  is  directed  towards, 
or  fixes  the  object  engaging  attention,  while  the  line  of  vision  of 
the  other  crosses  that  of  tlie  H:(ing  eye,  eitlier  in  front  of  or 
behind,  or  above  or  bchjw  it,  there  is  said  to  be  sfiuinting  or 
stnibismus.     In  the  scientific  acceptation  of  t!ie  term  there  can 

1  only  l>e  strabismus  of  one  eye  at  a  time,  as  it  is  clear  that  one 
eye  must  always,  when  it  is  possible  at  all,  be  directed  on  the 

L object  looked  at. 

^^L  Bihiteral  deviatif^ns  and  conditions  of  vision  which  render 

IHLs  imp)S8ible  do  not  come  under  the  category  of  squints. 

I  According  to  the  direction  assinned  by  the  axis  of  the  deviat- 
ing eye  we  have  to  distinguish  l)etween  stnibismus  convergens 
and  tlivergena,  and  strabismus  sursimi  vergens  and  deorsum 

'  vergens.  The  vertical  deviations,  upwards  and  downwards, 
though  often  combined  witli  laLcra!  deviations,  are  rare  alone, 
and  are  consetiuently  of  less  pnietleal  imiwrtance.     They  fre- 

I  qucntly  renuiin  after  the  lateral  dcAdations  have  been  corrected 
by  ojieralion.     Convergent  and  divergent  squints  are  cftmmon. 
A\'hen  there  is  for  no  distance  ctf  fixation,  either  near  or 

,  remote,  a  coincidence  of  the  axes  of  vision,  the  strabismus  is  8ai<l 
to  iKi  4ibsolvt€.  When  both  i»yes  are  pnipi'Hy  directed  on  fixing 
a  near  object,  but  one  axis  misdirected  win? n  a  distant  object  is 
looked  at,  or  when  the  mistlirection  of  one  axis  takes  place  only 
on  fixation  of  a  near,  but  not  of  a  distant  object,  the  strabismus 
is  said  to  be  relative. 

Tlie  strabismus  may  be  coiidaiU  or  iiitermitteiU.  It  may 
always  l>e  confined  to  tije  one  eye,  i.e.,  it  may  l>e  vtmw-lfflcraf^ 
or  it  may  be  itHt^rnaiiufj  when  objects  to  the  one  side  are  fixed 

'  by  the  one  eye,  and  to  the  other  side  by  the  other  eye.  It  may 
or  may  not  be  iissociated  with  diplopia. 

As  we  have  alreaily  seen,  besides  manifest  strabismus,  similar 
deviations  are  found  to  occur  when  one  eye  is  occluded.  There 
is  then  siiid  to  be  a  latent  strabisuiuH.  The  consideration  of 
latent  forms  of  strabismus  is  of  itnportance,  as  thoy  may  under 
certain  circumstances  become  manifest,  or  they  may — though 
by  no  means  so  frequently  as  was  at  one  time  supposed — give 
rise  to  pain  or  discomfort,  to  that  form  of  lusthenopia  wliich  is 
ed  mu^calar  asthetwjna. 
Mere  inspection  is  not  always  sufficient  to  enable  us  todiag- 
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uose  a  sijuint,  us  ou  the  ono  hand  there  may  be  a  slight  devuiti<:ni 
without  its  being  apparuiit,  ami  on  the  (itlier  hand  ther**  mar 
appear  t*)  be  a  deviation  when  in  reality  both  eyes  are-pi-  i-i'v 
direeted.     Tliis  uiay  occur  eitiier  when  the  eyes  are  m  • 

the  object  which  it  is  supposed  they  are  fixing,  or  wl.  

angle  between  the  optic  and  visual  axes  is  considerablr  larvrr 
or  smaller  than  usual.      Thus  in  hypermetropitt  an  npiKHvas 
divergence  is  due  to  un  abnormal  size  of  this  angle,  whlUt 
in  some  myo]>es  a  negative  value  of  the  same  angle  gives  rat 
to  an   apparent   convergence   which   is   sometimes   est! 
marked.    It  is  necessary,  therefore,  in  some  cjises  at  any  i,:.. 
adopt  the  following  method  of  testing  whether  there  is  or  i*  not 
any  squint.     Tlie  patient  is  made  to  fix  some  distant 
whilst  he  is  doing  so  the  observer  covers  tme  eye,  and  :; 
whether  the  one  which  remains  uncovered  makes  any  moveniait 
in  any  direction.     The  patient  is  then  again   made  to  fix  Uie 
same  object,  and  liis  other  eye  is  in  the  same  manner  fKX'lufifJ 
by  the  observer's  hand,  and  any  movement  of  the  uncovere*!  tj^ 
looked  for.     A  similar  test  is  then  made  for  the  fixati 
near  object — at  10"  from  the  eye.     If  the  one  eye  has  W' 
directed  while  both  were  open,  and  if  it  at  the  same  time  it  ia 
possession  of  sufficient  visual  acuity  for  central  fixation,  it  will 
take  up  the  Hxatiou  of  the  object  looked  at  as  soon  ua  thf  fi.xing 
eye  is  occluded  from  vision.     In  order  to  do  so  it  will  liavc  ki 
make  a  movement  in  a  direction  exactly  opposite   to  ihiU  in 
whieli  it  previously  deviated,  so  that  a  movement  outwarls  vi 
the  other  eye,  on  occlusion  of  the  fixing  one,  is  a  proof  of  the 
existence  of  manifest  convergent  strabismus,  a  m«''-  "  in- 

wards, of  manifest  divergent  strabismus.    If  the  mov'  i*t 

described  take  place  both  for  fi^xation  of  near  and  distant  nbjectR 
the  manifest  strabismus  is  diagnosed  as  absolute,  if  only  forow 
or  other,  as  relative. 

Care  must  be  taken  that  the  occluding  hand  l»e  nc»t  tiani- 
ferred  too  quickly  from  the  one  eye  to  tlie  other,  which  wouM 
cause  a  difficulty  in  dislinguishing  which  was  the  squiutin**  eye 
T'ime  must  l>e  allowed  for  the  fixation  to  lake  place  in  tht*  way 
in  which  it  is  ordinarily  effected.  If  the  conditions  of  fixatiua 
be  the  sauie  fur  both  eyes,  the  sipiint  is  almost  invariably  trans- 
ferred from  the  one  eye  to  the  other,  t,*-.,  tlie  occluded  ejne, 
whether  it  be  the  one  usually  employed  in  fi^xation  or  not,  h 
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pirected.  This  can  generally  easily  be  seen  by  observing  the 
P>03itioD  which  it  assumes  l>ehind  the  occhuling  hantl.  The  fact 
ift,  that  although  the  liefuct  is  tmc  n»mlenng  tht^  position  of  the 
two  eyes  either  too  convergent  or  too  divergent  relatively 
to  the  distance  of  the  object  looked  at,  it  necessarily  only 
becomes  apparent  on  the  one,  as  the  other  has  tct  uiuinlidn  a 
proper  direction. 

A  truly  alternating  squint  pi-escuts  the  following'  chanicter- 
Istics.  If  either  eye,  by  tirst  covering  the  other  with  the  hand, 
be  caused  U)  fix  an  object  in  the  middle  line,  t.c,  straight 
put  from  ihe  nose,  it  sulwequently  remains  for  nn  iiuleHnite 
period,  after  removing  the  (K^clmlint?  hand,  in  the  po.sition  of 
fixation.  It  is  evident  that  it  is  immatcriul  Ui  the  individual 
which  eye  he  makes  use  of  for  tixatiou  iu  this  position.  Again, 
pn  moving  the  object  of  fixation  to  the  right,  it  is  fixml  by  tlie 
left  eye,  whilst  the  right  eye  fixes  it  when  situated  to  the  left 
of  tlie  middle  line.  Both  eyes  liavo  oqnal,  or  very  nearly  eipiul 
ViBion,  aud  are  often  etunietropic. 

The  ordinary  squint  ilitlcrs  from  the  jtaralvtic  S(|uint  in  this 
resj>ect,  that  whereas  in  the  latter  the  extent  of  the  deviation 
iuci^eases  iu  certain  directiouR,  it  I'emainB  iu  the  former  the 
same  for  all  directions.  For  this  reason  it  is  often  called  mn- 
cOviitatU.  The  degree  of  concomitance,  t<x>,  as  measured  by 
accurate  tests  is  found  to  be  astorn.shingly  complete.     Another 

Erence  between  the  two  fonns  lies  in   wliat  is  calletl  the 
ridary  deviation.     Whereas,  as  we  have  seen  (page  001),  the 
, ndary  deviation  in  the  case  of  paralysis,  or  that  deviation 

which  takes  place  when  theailected  eye  instead  of  the  sound  one 
is  used  for  fixation,  is  greater  than  the  prhnary  deviation,  the 
de\iatiou  in  conconntant  strabismus  is  the  same  when  either  eye 
fixes.  In  coucoinitant  squint,  as  well  as  paralytic,  there  is  often 
less  convergence  wiien  the  eyes  are  directed  upwanls,  and  more 
when  they  are  directed  downwards,  than  when  fixation  takes 
place  for  objects  in  the  horizontal  plane  through  the  eyes. 

In  most  cases  of  concomitant  squint  there  is  a  distinct, 
Itbough  rarely  considerable  diminntion  in  the  extent  to  which 
Ithe  eye  can  Ix*  aUlucted  if  tlie  squint  be  a  convergent  one,  or 
fidducted  if  it  l>e  divergent.  At  the  same  time  -Uiere  is  usually 
a  corresjX)nding  increase  in  the  power  of  movement  in  the 
opposite   direction.     This  restriction    in    the  extent  of   latt'ral 
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movement  does  not,  however,  corrp^p*)nd  in  aujnunt  to  .. 
like  the  dej^ree  of  squint.     This  fact  is  of  imjMjrtiiuc*  in    ■' 
ticiu  with  tlie  views  which  are  hy  some  euterUiuieJ  lu*  V 
etiology  of  strubisums. 

One  of  the  most  frequent  conditions  met  willi  in  stml 
the  significiition  of  which  is  discussed  furtlier  oii.  is  a  grraUT  t»r 
less  de^aee  of  amblyopia  of  the  squinting  eye. 

COXVETtOEST   COXmMITANT    StIUIHSMUS    USUttUv    be^Btti  *»• 

tween  the  ages  of  one  and  four,  though  sometimes  earlier.  *iii 
not  infretjuently  later.  In  a  very  large  percentage  of  ow**  dim 
is  hyperinetropia  of  one  dioptre  or  nu^re.  There  is  (isiuilh  »• 
diplopia,  though  the  existence  or  not  of  diplopia  depemls  icwwjj 
on  the  Jige  at  which  the  squint  Hrst  In^ins,  und  thctlejjrwrf 
amblyopia  of  the  squinting  eye.  In  truly  alternating  con^^Tgenl 
stnibiHmus  there  is,  however,  no  diplopia,  although  U»lb  cm 
have  generally  nearly,  if  not  equally,  go<xl  vision.  S<tiurtiin« 
the  squint  begins  by  being  periodic  and  i*elative,  ur..  il  oaws 
occasionally,  an<l  only  when  the  child  din*ct«  its  ttttentioni* 
near  objects.  The  ])eriodic  character  of  the  ftf|uiut  may  pi-rtisL 
or  may  sooner  or  later  give  place  to  a  constant  i^Jntive  <Tr 
absolute  deviatioiL 

A    periodic    sijuint    sometimcij    i-ecurs     with    rtiiink .:  i 
reg\darity  every  other  day,  or  at  certain  times  every  .l.i>..ii!i 
wiien  this  is  the  case,  the  patient  is  more  or  less  conscious  of 
di])lopia. 

1 11  cases  where  convergent  squint  is  aasociatod  with  m^tipin 
there  is  almost  invariably  diplopia.  Tiiia  is  because  it  tbca 
begins  later — seldom  before,  and  gcuendly  consider  i '  ' 
tenth  yeai*.  There  has  thei-efore  previously  l>een  i ; 
vision.  For  a  long  time,  at  least,  it  remains  relative,  ejisttiu( 
only  for  a  distance,  there  being  proper  binocular  fixation  l"f 
nejir  objects.  This  is  another  n?asou  wliy  the  patient  continue* 
to  be  conscious  of  the  diplopia  protlucefl.  Binocular  fixntiiin, 
besidt's  being  in  many  cases  more  valuable  forobjti  '  '  n«ir 
the  eyes,  is  specially  so  in  the  case  of  myopia  \^  -lant 

objects  are  indistinct.  Henco  it  is  that  the  abnormal  tendeticy 
tn  convergoiice  exi.sting  in  some  cai^ea  of  myopia  is  for  l<7t4 
overcome  during  the  tixation  of  near  objects,  nMiiainiiig  lat^ul 
within  a  certain  distance,  though  manifesting  itself  aa  a  ciHh 
vergent  strabismus  on  the  fixation  of  any  object  lieyctfid 
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distance.  But  the  distance  for  which  binocular  viaion  is  poa- 
Bihle  lias  a  tendency,  too,  to  become  gradually  less.  Even, 
however,  when  in  the  course  of  time,  owing  to  the  gradual 
Bhortening  of  this  disUiuee,  the  relative  has  eventually  become 
converted  into  an  absolute  convergent  strabismus,  the  diplopia 
usuully  siill  remains. 

T!je  dogi-ee  of  faulty  convergence  varies  greatly  in  different 

K3  from  an  amount  which  is  inappreciable,  and  can  only  be 
cted  by  a  proper  examination,  to  an  extent  in  which  the 
cornea  is  almost  entirely  buried  l»ehiud  the  inner  cauthus. 
However  excessive  the  squint  is,  there  probably  always  remains 
some  possibility  of  further  adduction. 

It  is  of  importance  to  distinguish  two  elements  in  the  squint, 
viz, — (L)  the  permanent  amount,  and  {'!.)  the  accomiJUHlaiire 
addition.  The  permanent  amount  is  that  which  still  remains 
when  no  attempt  at  accommodation  is  made.  The  accommo- 
dative portion  is  a  varying  amount,  (lependent  on  the  extent  of 
the  demand  for  accoinmrjilauon.  It  i.?  the  degree  of  the  per- 
manent manifest  squint  alone  wbii;h  determines  the  extent  of 
operative  eflect  rccpiircd. 

I)ilftTeiit  nietliods  muy  Iw  em|>loyed  for  the  nieaKurernent  uf  tlie 
*  extt-nt  of  doviatioii.  One  ()f  tlie  aiin[tlest,  and  one  which  is  at  the 
same  tiiiie  siUHcieutly  aoi;urutf  for  practical  jiurposes,  w  the  linear 
I  metisurctnent  with  the  fltralmmctiT.  This  instrument  is  applied  to 
the  snrfare  of  the  lower  lid  of  the  twpiinting  eye,  and  the  position  of 
llie  milliniuti*u  Hoalo  nott-d,  which  is  cut  by  the  tangent  to  tlie  outer 
margin  of  the  cornoa,  whilst  the  other  eyo  is  fixing  a  Jistimt  object. 
The  fixing  vye  is  then  covered,  and  the  new  p(wititin  cut  by  the  samo 
tangent  ou  the  scale,  whilst  the  Eniuinting  eye  is  uacd  for  lixation  of 
the  same  distJtnt  object,  in  next  observed.  The  distance  between  the 
two  points  thus  found  on  the  aciilo  i^dvcs  the  linear  doviatiim  in 
millimetix's.  Many  wh"'  take  the  tr*.'uble  to  make  mejiauivments  at 
all  prefer  to  estimate  the  ainoinit  of  deviation  in  ih-^rees.  This  is 
generally  done  by  caiLsing  tlu;  priticut  to  lix  a  jKiiut  *m  u  |)enmeter, 
and  to  observe  how  many  df^Tees  From  tliat  pdint  it  is  necessary  to 
carry  a  taper  or  candle,  ho  tliat  ita  reflecte<l  imnj^o  nhall  occnjiy  tlio 
centre  of  tJie  cornea  of  tlie  squijiting  eye.  There  is,  1  believe,  no 
special  advantage  in  obtaining  an  anj^dar  vahie  for  the  amount  of 
ujuint,  although  it  is  claimeil  that  in  this  way  measurements  are 
obtained  whicli  are  more  strictly  comparable  than  by  moans  of  the 
linear  methoib  fiwing  to  ilitferfncea  in  the  sizn  of  the  eya  not  being 
taken  int*>  account  in  the  struhometer  nietliod. 

The  only  scientific  basis  of  measurement  i.s  that  nf  flm  metro 
angle,   oa  by  such   menaurement  wc   may  ascerUiin   in   how   far  the 
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uswijoiattMl  iiiov^mvnteof  c(invi*rgenoound  arcoramodalioTi  nrr  mutually 
intcnlepunilent.  or  are  in  correspond enco  with  th**  nomifll  condtt-  lu 

The  inL'lhotl  of  objectivu  stnibismoraetry,  which  I  b«T*»  \i^ 
very  large  ntimber  of  casos,  with  the  object  princiji&Uy  of  im  .. 
Uic  effect  of  i»[ieration8,  ia  one  which  cnablea  one,  with  a  liltlo  ]  ■  ■ 
to   fttljun   nn   accurate   tiieasuremcnt   in    metre   tingles   wilii    '  ' 
fXpi.'inliturc  of  more  than  n  few  seconcla"  time-      It  i«  a  nin-li* 
of  Priustloy  Sinith'a  fiOH'alU'U  **  tape  method,"  and,  as  now  pm 
mainly  due  to  Maddox.     The  metpo  4in^;le  scale  refern^d  to  .«■ 
is  made  to  servo  the  purpose  of  the  objective  as  vcvW  a»  the  60lj*<iiti 
test.     The  method  of  using  it  for  the  fonner  ih  thus  deicnbcd  W 
Maddox  :   -"  Phici*  the   ])ationt  opi>o?ite  the  can<lh',  ut  the  di.'Uiy» 
of  one  metre^  aa  mejipured  by  a  string  of  that  length  pennani'DilT 
suspended    by    one    end    from    the    centre,    of    the    scale.      Lei  ibe 
ohserver'fl  h«id  be  placed  rather  lower  than,  and  in  the  sain*?  \-rti'J 
plane  as,  the  line  between  the  flame  and  the  squinting  eyn,  v 
patient's  attention  is  first  direct-ed  to  the  candle  to  iiot«  wh;<  -^       -^ 
the  fixing  one,  or,  in  other  words,  to  note  on  which  ey**  llie  fijraal 
image  nf  the  tiame  o<>cupies  the  '  Hxatiun  }H3sition/  usually  a  Ultlvtv 
the.  inner  side  of   the  erntm  of  the   pupil.     The  anniuul  of  9i\^uA 
being  guessed  approximately,  the  patient  U  l<i]d  to  look  ot  that  hinm 
which  repre^entif  the  guesH,  then  at  one  or  another,  as  rrrjoiml  nil 
the  corneal  ivllection  on  tlie  S'luiuting  eye  occupi*^*  the  same  jr^tiuB 
OS  at  lirst  on  the  tixing  one."     In  this  way,  the  patient  rviuU  offnn  tli* 
scale  the  amount  of  his  stpiint  in  metre  angles  (or  dt*grc£*,  if  the  loV 
be  an  oiilinnrj'  tangent  one). 

The  oi*dinary  Ijkws  of  the  tnninferenre  of  the  sipiiTtt  fn>m  th**  "ft* 
eye  U)  the  otlier,  when  the  tixing  eye  is  oc<duded,  and  the  equolut  <rf 
tile  primary*  and  ftic^mdarv'  angles  by  which  a  concomitant  tf|nml 
differs  from  a  paralytic  squint,  are  not  alt«igether  without  excepti'TB- 
When,  for  instance,  there  is  a  ilifferenco  of  ix'fruetjou  in  the  tw-.  ry%, 
the  occommtMlation  require*!  whfln  one  eye  tixtrs  is  different  fn>5u  lUl 
which  is  rpquire«l  by  the  other  for  theSJime  distance,  and  cnnf^enurnil? 
the  sftme  association  Wtween  accomnio<hiliou  and  mnverj 
a  difference  in  the  relative  dire<"tions  of  the  two  axes  of  \ 
ing  as  onr«  or  the  other  fixes.  A  very  common  iiist^mee  i.f  tlur  i*-  U;^ 
coiM?  where  one  eye  is  myopic,  while  the  other  in  eiumeln'pic.  TV 
emmetr<jj)ic  eye  is  UB4?d  for  disl^int  tixation,  ami  th»*Pt*  is  thfii,  it  ni*v 
lie,  no  sipiint.  For  near  visinn  it  is  fretjuently,  on  ihr  other  haiid.  tW 
myopic  t-ye  which  is  used,  wliile  the  other  diverges.  If,  liowevpi,  \h* 
myo]do  eye  be  occlmled,  ami  the  emmetropic  one  xisiil  for  fixiiti'io, 
tlie  itefondan/  deviation  ()M«hind  tlie  occluding  liand)  is  eitht^r  win 
siderably  less  or  absent  al^>gc!th^r.  Oft'On  then*  is  found  to  Iv  it 
such  cases  divergence  Imth  for  near  and  distant  visinn,  the  mp^ 
diverging  in  distant  tixntion,  the?  enimotropic  in  nwir.  Sometimes  wfc«t* 
the  one  eyo  is  hypermetropic  and  the  other  myopic,  «.»nvpn;eiit  ttn- 
bismus  may  exist  for  diHt^mt,  and  divergent  fur  near  tixatj<tn  ;  and  tt 
thejte  cases  there  is  not  only  not  the  imlinarv  transferenee  tif  stpiint  froiD 
one  ey©  to  Uie  other,  but  there  is  insteai)  ronvrr^ifrnci'  when  on**  <*?» 


MBLYOPIA   OF  CONVERGENT  STRABISMI 


\tt 


is  occluded,  and  divergence  when  tlic  ntht^r  Ls  ^Kiduded.  WV  must 
therefore,  in  iiny  case,  ]ook  fur  the  explamition  uf  deviatitms  from  tho 
typkal  CDnditions  in  the  state  uf  refrnctittn  of  the  two  eyes. 

X  point  of  some  practical  importance,  as  well  as  of  great 
theoretical  interest,  is  the  nature  of  the  amblyopia  of  the  squint- 
ing eye.  Very  <IifVercnt  \iow3  are  held  on  this  point.  By  some 
the  amblyopia  is  looked  upon  as  the  cause  of  the  squint;  by 
others  as  the  consequence.  Those  who  entertain  tlie  hitter  view 
consiiler  the  defect  of  vision  lo  result  from  disuse;  heuce  the 
name  avihlyopia  ex  anopsia. 

The  iimhiyopin  of  tlu»  squinting  cyft — that  is,  the  iimhlynjiiii  in 
Oasfts  wliere  th<Te  me  no  ubjective  appearances  to  account  for  it,  iik 
whioh  iilonr  there  ciui  be  any  dfiuht  as  to  the  nature  nf  the  rounection 
— varies  witliin  t<tlenxbly  wide  limits.  We  may  difttinguij^h  two  main 
fonui* : — 1.  That  in  whicli  central  Hxation  ia  retiiiueil  ;  2.  That  in 
which  it  is  lost,  or  in  whicl»  at  any  rate  tliere  in  foinui  to  be  no 
BUpreniaoy  uf  tlu-  c<*ntral  over  the  ]jeripheral  portions  of  the  retina.  In 
llie  liri*t  form  we  Hud  two  eh'inonts,  one  of  whicli  Ls  |>4>nnanent,  and 
the  other  cftj>able  of  disappL-aring  wln-n  the  wpiintin^  eye  is  for  souir 
days  used  for  hxation  ;  that  is  ttt  say,  the  amblyopia  may  disappear 
to  a  certain  variable  exUMit,  luit  rarely  entirely.  Thus  one  frequently 
seej*  that  when,  owing  U»  some  iujnrv,  the  good  eye  has  itn  visiim 
tenifwimrily  or  pcrnuinently  iiu]>aircil,  the  sqninting  eye  nut  on^y 
takes  up  the  fixation,  but  rapidly  int[iruves  in  virion,  alLliottgh  a»  a 
rule  fidling  ninrti  or  le.<w  short  of  fnll  vi.siun.  Moderate  degrees  of 
amblyopia  uf  one  eye  are  frequently  met  with  in  coses  wliere  there  is 
DO  striibisniuft. 

It  irt  easy  to  understand  how,  when  the  circumsbmces  favourinfc 
strabismus  exist,  tlio  stnibismuK  is  mudi  more  likely  Uy  beconto  mani- 
fest if  the  one  eye  is  aniblytipic,  and  therefore  the  value  of  himirular 
vi:»ion  le^tttenud.  A  manifest  mjuint  does  indeed  often  sudtleiily  make 
its  Jip|)ejiranre  when  the  vision  of  the  one  03'e  is  accidi  iitly  lost  or 
much  inqMiired.  There  seemj*  every  reiij*on,  then,  to  louk  upon  the 
pemument  element  in  the  Hrst  form  of  amblyopia  ha  not  only  pre- 
existing', b\it  iVi  one  of  tlic  ehit-f  predisposing  caus^'a  i>f  the  Htrubisintis. 

Are  we  then  to  look  upun  tiie  ri'cuverable  element  iw  cjiuneil  by 
disuw  ?  In  cises  where  the  wpiiut  ia  assoeialt'd  with  hypt?niietropia, 
tho  hyptTuielropia  is  often  found  to  1m»  to  a  much  grfater  extent  mani- 
fest in  the  squinting  eye  than  in  the  other,  when  tlie  squinting  eye  is 
all  of  a  sudden,  on  occlusion  of  the  other,  forced  U)  fix.  Very  con- 
aitleruhle  improvement  is  got  in  such  cases  by  the  use  of  the  full  ( r 
nc-arly  full  correction.  'iliLs  circumstance,  then,  in  not  a  few  coses, 
accounts  for  some  part  uf  the  defective  vision  of  the  squinting  eye. 
But,  f:>esides  this,  and  constituting  usually  the  maiu,  or  it  may  be  the 
only,  portion  of  the  recoverable  element  in  the  amblyopia,  is  what 
must  be  looked  iqKtn  as  a  kind  of  awkwardness  in  tho  eye  in  respond- 
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in^  all  at  once,  U)  Uiu  full  extent  of  which  it  is  ca]>ahlp,  to  tht  noi 
impressions.     This  comlition  is  iniiewl  wry  similar  Ut  ri^ihtrha 
lu'ss.  in  su  far  as  the  left  hand  aa  a  rule,  thoufjih  callable  of  \>f:it 
the  samii  feats  as  the  right,  is  unabU;  from  want  ot  praclict  to 
Th«  habitual  suppression  wliioh  takr^a  place  ti>  a  proaU'r  or  ludti 
of  tlie  imagi58  fallijig  on  the.  stjuinting  oye  cnu&«  it  to  lo^*  the 
respondinf^  fully  to  their  impressions.      Neverthelea«  a  vrtj  «hi«t 
pmi'tice,  when  the  fixing  eye  is  thrown  out  of  gear,  stifticrt 
oome  this.     Tlie  rocognilion  of  the  two  elements  in  the  n-rahlj 
tlio  squinting  eye,  in  most  cases,  at  any  rate,  when   tbe 
central  fixation  is  ix'tainetl,  is  in  eo  far  of  practicjU  imiMirlaUc: 
may  tliereby  see  tlie  uaelettsness  of  continuing  for  monllis,  :vi  i*^ 
times  done,  to  exercise  that  eye  in  onler  to  iuiprnvu  its  visimi. 

A  true  permanent  amVilyopia  from  disuse  is  donifil  hy  j-'tuf.  l>r 
cause  they  say  that,  for  instance,  cantys  in  which  cataract  hn^  c\i<c5 
for  thirty  or  forty  years,  have  not  been  found  lo  have  RnffrrMl  any 
loss  <if  vision  after  a  succes«fiU  uperation,  Therx'  can  W  liltlf  do 
indeeil,  that  when  central  tixalion  lias  been  once  acqulrecl  it  i#  nei 
Io8t  by  circumstances  which  merely  interfere  with  the  fonuiitioD 
distinct  images  on  the  macula.  It  is  otherwise,  however,  with 
ix\  winch  rjitaract  or  any  other  np»icity  exists  at  the  tim*"  thnt  tbr 
supremacy  of  the  fovea  over  other  parts  of  the  retina  is  pTupfriy 
ae<juired.  Wlien  the  (mupu^  is  n^moved,  alth(uigh  a  certain  ani*iuat 
of  vision  is  restored,  ther«  is  no  central  fixation.  This  is  always  tht 
case  in  dense  r.nngenitjd  cuitame.t,  and  ofton,  1<m),  where  there  huf  Wn 
a  long  jtersisting  dense  corneid  opueiiy  follnwing  ojilithalmiji  tn^otu- 
toruni.  In  the  first  case,  afU-r  removal  of  the  cntamct,  an<i  in  tli< 
second,  even  wlien  all,  or  nearly  all,  tlie  oi«icily  has  cleared  aw.i;.  Ji- 
[Kjwer  of  fixation  is  found  U>  be  absent,  and  always  tii  remain 

In  cases  of  monolateml  strabismus,  which  begin  early  in  life,  i -- 

during  the  first  months,  the  squinting  eye  may  be  regaried  uc  wlv 
jecte<l  to  the  same  imfavourahle  conditions  aa  far  as  the  (w^qaitemart 
of  central  fixation  is  cnncerned.  Fixation  with  that  eye  is  never  m!W 
for,  and  therefore  never  ae<iuired.  The  second  form  of  amhlyopii, 
viz.,  that  in  which  there  is  no  centnd  fixation  p*.*ssible  iu  the  t<\ni3ar 
ing  eye,  is  in  so  far  an  awhfyttjna  from  dmise  in  that  it  is  occMiniioi 
by  disuse  at  a  time  when  centnil  fixation  is  usn^dly  ucipiirrd.  Befld» 
the  parallel  cases  of  absence  of  ceuti-al  fixation  frr^m  early  dibuae  pTioi 
above,  there  is  one  eircumstiince  which  argues  strongly  for  the  cot* 
rectness  of  tliis  view.  We  find,  as  already  said,  very  frv^iueDtly  um- 
lateral  amblyopia  where  there  is  no  wpiinl,  hut  randy  if  ever  ■■ 
amblyopia  without  central  fixation,  /.«?.,  of  course  in  cjist-s  where  lh«» 
are  no  objective  signs  to  cx|>lain  the  absence  uf  central  fixiition. 

When  there  is,  as  we  have  seen  is  most  frequently  the  caw. 
uo  diplopia,  it  is  by  no  m&ins  easy  to  account  for  why  lliew 
should  be  Hiieh  a  total  suppression  of  the  image  falling  on  the 
squinting  eye.     It  is  easy  to  satisfy  one's  self  tliat  that  p«irti'^ 
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of  the  field  of  the  squinting  eye  which  is  not  coincident  with 
the  field  of  the  other  eye  is  constantly  aware  of  the  impressions 
it  receives.  The  fact  seems  to  l»e  simply  that  in  cases  where 
there  has  never  heen  binocular  vision,  and  in  which  usually 
there  is  considerable  congenital  amblyopia,  diplopia  does  not 
exist,  whatever  be  the  explanation.  One  can  liardly  draw  any 
conclusions  in  cases  of  absence  of  binocular  vision  from  what 
occurs  when  there  has  been  binocular  vision.  In  a  number  of 
cases,  however,  there  is  another  reason  for  the  absence  of  diplopia, 
rii,  the  fact  that  the  squinting  eye  has  aciiuired  the  habit  of 
projecting  its  imageif  in  accordance  with  its  [Kisition.  In  these 
cases  tliere  exists  sometimes  an  imperfect  form  of  binocular 
vision,  but  more  frequently  the  absencii  of  diplopia  is  due  to  tlie 
eircumst4ince  that,  altliough  there  is  no  simultaneous  elaboration 
of  the  two  images  of  any  object,  still,  whenever  the  squinting 
eye  is  conscious  of  its  image,  it  is  projected  to  the  same  jdace 
in  space  as  that  falling  on  the  fovejt  of  the  properly  directed 
eyeL  That  is  to  say  there  may  l>e  siiuultaneous  vision  witli  both 
eyes,  and  yet  no  binoctdar  fusion  of  images  in  the  true  sense. 

The  two  forms  of  suppression  just  referred  to,  although  tliey 
hardly  account  for  all  the  cases  met  with,  are  of  interest  so  far 
as  the  conditions  induced  by  operative  interference  are  concerned. 
In  the  first  form  there  is  rarely  any  dijilopia  after  operations, 
whereas  in  the  second  the  operation  gives  lise  to  iliplopia,  of 
which  the  patient  is  more  or  less  ctuiscioua.     The  new  position 

►aI  the  eyes  is  not  at  first,  or  for  some  time,  allowed  for,  and  tite 
position  l)eing  relatively  divergent,  the  persistence  of  the  pre- 
vious habit  of  projection  results  in  more  or  less  marked  crossed 
diplopia. 

In  the  irmimcni  of  convergent  strabismus  we  have  to  take 
into  consideration  the  fact  that  there  is  a  tendency  to  a  gnidual 
disappe^irance  of  the  squint  as  tin?  patiunt  grows  older.  When 
this  does  occur  it  is  seldom  before  the  tenth  year,  and  generally 
consitlerubly  later.  The  nature  of  the  squint,  too,  whetlier 
periodic  or  constant,  relative  or  absnlut-e,  mnst  inilucjice  the 
treatment ;  so  also  must  the  state  of  vision  iu  the  squinting  eye, 
and  the  presence  or  absence  of  diplopia.  Usually  when  some 
operative  measure  is  required,  the  degree  of  the  pernumeut 
squint  will  atford  an  iiidieatiou  as  to  what  operation,  or  cimibin- 
ation  of  operations,  is  advisable. 
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Thfingh  much  can  be  done  in  some  cases  without  op^ralioti, 
llie  cure  of  a  convergent  squint  can  usually  only  l>e  ih-  ■  • :' '" 
made  by  bringing  about  an  altemtiou  in  the  relativt;  [h).-, 
the  tendinous  attachments  of  the  lateral  muscles.    Tbe  j*r- 
manent  element  of  tlie  squint  c^u  only  be  cured  in  this  w, 
wliilst  that  portion  which  is  accommodative  often  disippaa 
under  the  altered  conditions  brought  alH>ut  by  proper  cornvtion 
of  tlie  existiug  error  of  refraction.     When  the  Br|uint  has  l^^ 
late  uufl  has  not  existed  long,  and  wliere  tliere  is  either  simul- 
taneous or  easily  elicited  diplopia,  with  not  too  high  a  de^nr  at 
amblyopia  of  the  squinting  eye  and  hy]»ermetropia,  an  altenpt 
should  be  made  to  cure  it  by  causiiig  the  ptttient  to  wear  gUs«* 
whidi  us  nearly  correct  his  hyi)enuetroj)ia  as  he  will  i<jlOTtft 
By  keeping  I  he  acconiniodation  paralysed  for  some  weeks  <inriDg 
the  tirst  wearing  of  the  glasses,  a  pretty  full  corTwtion  wq 
often  afterwards  Ite  permanently  worn  without  inconveuicDo, 
and  a  favourable  eflect  on  the  squint  at  the  same  time  obUiati<L 
Owing  to  the  difficulty  of  giving  spectacles  to  young  chijdmi, 
it  is  only  a  snuill  proportion  of  cases  iu  reality  which  adniit  of 
pmely  optical  treatment. 

The  continued  use  of  atropine  for  the  purpose  of  keq^ii^ 
the  aL'L'oniiJKHlation  panilysed,  and  thereby  avoiiling  the  tendtfj^H 
to  squint,  wliich  is  advocated  by  some,  is  seldom  of  /iny  usjV 
at  all  events  the  benefit  in  any  case  is  only  temporary,  Usiug 
long  fudy  as  clear  xnsion  is  interfered  with  in  this  way. 

The  operation  of  tenotomy  of  the  internus,  or  advaitceiocnt 
of  the  tendon  of  the  extenuis,  only  ])roduces  an  altenilion  in 
the  meclmnicrtl  consequences  of  the  existing  relation  l»clwtr« 
the  power  of  the  two  Litenil  uniscK*a,  but  does  not  intluem*  iii 
any  direct  manner  the  cause  of  the  squint  That  \&  to  my,  lliat 
by  disphicing  the  attaehnient  of  the  internal  rectus  bjukwanfat 
or  tliat  of  the  external  rectus  forwards,  the  initial  position  (rf 
the  eyel>all  is  altered  in  such  a  manner  as  to  introduce  a  etftte 
of  less  convergence  of  the  two  axe^.     In  this  way  tl  >  ■  loce 

is  impnived,  while  sometimes  at  the  same  time  a  i-  ^  ii  of 
function,  whicli  the  abnormal  convergence  rendered  previoualy 
impossible,  is  permitted.  Still  the  conditions  of  iuner^'ation, 
wiiieh  urc  the  cause  tif  the  squint,  remain.  Thia  is  evi- 
dent from  the  degree  of  insufliciency  of  convei^uce  whidi 
results  from  tlie   operation.      Indirectly,  the  opemtive  effeet 
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y  lead  to  a  true  cure  of  the  squint,  by  diniinisliing  so  far 
e  abnormal  muscular  conditions,  that  the  further  difficulties 
n  I)e  more  or  leas  readily  overcome  by  fusion.  Wlieu 
happens,  there  must  have  of  course  previously  existed 
nnocular  \dsion,  and  the  latent  or  dynamical  deviation  always 
emains.  "Wliether  the  full  permanent  amount  of  the  squint, 
or  even  more,  should  be  corrected  by  operation,  depends  again 
on  the  age  of  the  individual,  as  well  as  on  tlie  existence  or  not 
of  those  circumstanc.e,s  already  referrwl  to,  which  help  to 
maintain  the  correction  w^hen  once  effected.  The  object  <:if  the 
operation  is  not  merely  to  correct  the  jjosition  kA  etiuilibrium, 
but  also  to  do  so  as  fur  as  possible  in  such  a  manner  as  shall 
admit  of  the  accommodative  and  associated  movements  of  the 
two  eyes  taking  place  in  the  normal  way. 

In  operating  on  children  with  h}-pcrmetropia  and  amblyopia 
of  one  eye,  we  ehould  leave  a  little  of  the  convergence  uncor- 
rected, owing  to  the  possibilities  of  a  change,  in  the  dii-ection  of 
spontaneous  cure,  tiikiuj^  i>lace  as  they  grow.  One  or  even  two 
millimetres  may  be  left  without,  as  a  rule,  being  observable, 
owin^  to  its  being  moi*e  or  less  covered  by  the  relative  divergence 
of  the  optic,  as  c^ttapared  with  the  visual  axes.  l!i  adults  we 
may  usually  safely  correct  the  whole  amount  of  permanent 
squint,  even  where  there  is  no  possibility,  tis  is  often  the  case, 
of  their  obtaining  binocular  vision  after  operation.  In  ciuses 
where  the  conditions  favouring  the  simultanenuH  use  of  the  two 
eyes  are  more  advanUigeous,  and  at  tlie  same  time  the  degree 
i  of  convergence  associated  with  accommodation  is  clearly  in  ex- 
cess of  the  normal,  it  is  advisable  to  correct  the  full  permanent 
element.  In  alternating  scjuints,  too,  the  whole  correction 
should  Ikj  made. 

When  the  conver}.fent  strabismus  is  associate<l  with  niyopia, 
and  is  ouly  relative,  that  is,  only  existing  for  tixation  beyond 
a  certain  distance,  care  has  to  l>e  taken  that  the  correction 
of  the  squint  for  a  distance  does  not  give  rise  to  insutti- 
ciency  of  convergence  for  near  objects.  Such  insufficiency 
would  either  introduce  relative  divergence  with  diplopia  for 
near  vision,  or  asthenopia,  owing  l^)  the  too  grwit  effort 
necessary  to  keep  up  the  required  aumunt  of  convergence. 
With  correction  of  the  myopia,  1  believe,  this  danger  need 
seldom  be  feared,  so  long  as  tlie  position  for  a  distance  is  not 
40 
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over-corrected.  It  is  well,  however,  to  deteniiine  Moreluuwi 
whether  there  is  any  latent  convergence  at  the  reading  difUinT. 
Should  there  be,  there  can  be  absolutely  no  li'mbt  a^  Vj  \\x 
advisability  of  performing  a  tenotomy. 

The  effect  of  a  single  tenotomy  in  the  maiinei"  m  w'. 
now  performed,  i.e.,  by  a  mere  detaching  uf  the  direct  ^ 
attachment  of  the  internal  rectus,  is  not  always  the  samf. « 
this  depends  partly  on  tlie  nature  of  the  indirect  inseriions  of  lap 
tendon,  and  partly  on  the  degree  of  rotiition  which  is  given  w 
the  eye  by  the  antagonist  whilst  the  re-attachment  ia  takiof 
place.     The  latter  depends  again  on  tl»e  nature  of  the  si^uinl.»>n 
the  visual  acuity  of  the  eye  on  which  tlie  tenotomy  has  brm 
performed,  and  on  the  use  made  of  the  eye  during  the  healing 
prfx-esa.     It  is  apt  to  be  less  tlie  more  amblyopic  the  eye  i&    hi 
a  rule,  however,  we  cannot  expect  a  greater  nlleration  in  ihc 
]X)sition   than   about  4  millimetres  Ihiear   mniJ4uremeDt>  or  t 
diminution  of  the  convergence  to  the  extent  of  from  15'  to  30*, 
or  4  tfi  G  metre  angles.     In   a  large  proportion  of  casfts  m 
which   one    has  to  operate,  the  position   to  be  corrected  is 
considerably,    sometune^   greatly,   in   excess  of   this  amount 
and   the  question   arises,   how  is  one   sufficiently   to  innwK 
the  effect  ?    Any  means  wliich  permits  of  much  further  retrace 
tion   of   the   intcrnus,   though   it   would    increase   the   effect, 
would    at   the  same   time    increase    the   insufficiency  of  the 
action    of   the   muscle,  and   give    rise   to   irregularity  in  ihe 
associated  movements  of  the  eyes,  and  possibly  to  a  reUdrc 
divergence  for  near  vision.     One  or  two  millimetrcfi  gre»iff 
effect   might,  however,  in   many  cases   be  desirable,  withoul 
fear  of  too  great  insufficiency.     If  it  were  possible  with  any 
certainty  to  rcgtdate  the  amount  of  extra  effect  thus  obtaiDwi, 
this  could  be  got  by  dividing  more  or  less  of  the  indirect  tibroiw 
attachments  of  the  muscle,  and  not  only  its  sclerotic  attacbiuenl. 
This  plan,  which  is  pretty  frequently  practised,  should  as  a  rale 
be  avoided  owing  to  its  uncertainty,  the  tendency  being  for  th« 
effect  to  be  too  great,  and  the  insufficiency  conse-quently  la» 
marked. 

Wlien  a  further  correction  than  tliat  which  can  be  obtained 
by  tenotomy  of  the  internal  rectus  of  the  squinting  fve  is 
required,  we  have  often  the  choice  of  two  operations — either 
tenotomy  of  the  internal  rectus  of  the  other  eye,  or  ad^'auoement 
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of  the  teDdinous  insertion  of  the  external  rectos  of  the  squinting 
«ya  As  a  rule  the  tirst  plan  is  preferable,  as  in  all  but  an 
insignificant  miinber  of  cases  the  Sijuint  is  to  be  looked  upon  as 
au  increased  convergence  of  the  axes  of  the  two  eyes,  and  not 
Mierely  a  ])rep4inderance  of  the  internal  rectus  of  the  squinting 
eye  alone  over  its  auU^uist.  It  is,  therefore,  best  to  divide 
the  effect  over  the  two  eyes.  Wlierever  there  is  marked  weak- 
ness of  the  abduction  in  the  s*|uinting  eye  and  not  in  the  otlier, 
a  condition  sometimes  seen  when  the  squint  is  of  paretic  origin, 
the  tenotomy  shoidii  \\e.  combined  with  advancement  of  its 
external  muscle,  as  not  only  is  this  method  of  operating 
calculate<l  to  rendtjr  the  relations  of  the  lateral  muscles  mure 
nearly  similar  in  the  two  eyes,  but  under  these  circumstances 
the  effect  of  the  tenotomy  alone  on  the  squinting  eye  is  apt  to 
be  smaller  than  usual  An  increase  of  correction  brought  alK)ut, 
too,  by  advancement  of  the  external  rectus  produces  relatively 
less  iusutticiency  of  the  intemus  than  a  correspontling  increase 
caused  by  a  greater  retraction  of  the  intemus,  so  that  in  tliis 
way  a  gain  is  effected  in  the  position  without  too  great 
sacrifice. 

The  amount  of  diminution  in  the  power  of  adduction,  result- 
ing from  a  properly  performed  tenotomy,  must  depend  on  what 
was  previously  the  position  of  attachment  of  tlie  tendon,  as  well 
as  on  the  direction  of  the  muscle,  that  is  to  say,  the  point  where 
it  becomes  a  tangent  to  the  eyeball  This  defect  or  insufficiency 
in  the  power  of  adduction  is  sometimes  the  same  in  amount  as 
the  correction  of  the  position  to  which  tenotomy  gives  rise  ;  it  is 
fortunately,  however,  as  a  rule  rather  less,  though  occasionally 
it  is  even  more 

In  the  highest  degree  of  squint,  t.<r.,  when  the  deviation  is 
greater  than  from  8  to  10  milimetrea  linear  measurement,  or 
from  35"  to  45',  or  from  10  to  11  metre  angles,  and  the  double 
tenotomy  is  consequently  iiiautficient  to  effect  a  complete  or 
sufficiently  approximate  correction,  the  advancement  of  the 
external  rectus  of  the  squinting  eye  must  bo  done  in  addition 
to  the  tenotomy  on  each  eye. 

A  point  on  which  there  is  u  difference  of  opinion  amongst 
ophthalmic  surgeons  is  as  to  whether,  when  it  is  necessary  to 
divide  the  effect  of  operation  over  both  eyes,  both  should  be 
operated  on  at  once  or  at  different  times,     ^^^lere  it  is  possible, 
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it  is  better  to  operate  at  au  interval  of  at  least  one  week.  01 

to  the  uncertainty  in  the  extent  of  the  effect  which  each  teno-' 

tomj  produces. 

When  the  circiuustances  are  not  favourable  to  an  inoreafle  of 
the  effect,  /.*•.»  when  there  is  not  good  ^Hsion  in  Itoth  vyei 
tendency  to  binocular  Hxation,  that  which  is  found  imi 
after  operation,  or,  if  the  operation  be  performed  under  ah 
anifsthetic,  as  Boon  jis  the  patient  has  completely  re<^ver*'<l  finni 
its  effects,  is,  generally  speaking,  approximately  that  which  "fu- 
may  expect  to  see  remain  permanently.  On  tlie  day  followiiij: 
the  operation,  and  for  some  ilays  subsequently,  the  effect  is  often 
rather  greater,  but  the  gradual  tightening  of  the  new  adhesioa^ 
usually  eventually  brings  it  back  to  the  first  muonnts 
effect  of  a  tenotomy  is  immediately,  and  for  some  weeks  aft 
operation,  found  to  be  greatest  for  fixation  in  the  directiOD 
action  of  the  divided  muscle,  and  least  for  fixation  in  Uie  opp 
site  direction.  Concomitancy  is  lost,  and  only  verv  slow] 
regained. 

When  the  amount  of  the  squint  is  a  good  deal  leas  than 
millimetres,  so  that  a  tenotomy  would  be  likely  to  have  loo 
an  effect,  and  it  is  yet  desirable  to  operate,  the  retraction  of 
insertion  may  be,  to  a  greater  or  less  extent,  restrained  by 
conjunctival  suture,  placed  horizontidly  and  involving  more 
less  of  the  conjunctivii.     Such  n  suture  is  more  often  re-'juii 
in  the  case  of  the  second  tenotomy  in  squints  of  u  mudei 
amount,  though  too  great  to  be  rectified  by  tenottimy  of  the 
internal  rectus  alone.     Even  should  the  to<t  great  effect  U*  on 
noticed  on  the  day  after  operation,  the  use  of  the  sudirc 
still  enable  one  to  remedy  it,  and  indee<i,  by  se}»aruting  tl 
semi-attached  new  sclerotic  insertion  with  the  strabismus  Loii 
it  may  be  made  use  of  several  days  after  tlie  operation. 

In  the  immense  majority  of  ca-sea  the  most  sticccs»f< 
operative  interference  leads  only  to  a  removal  of  either 
whole,  or  at  all  events  the  unsightly  ^Kirtion  4if  U»e  abnomud 
convergence.  Tlie  effect,  so  far  tts  tlie  eyes  are  concerned,  w 
only  cosmetic,  and  it  is  rare,  ctunparatively  s]ieaking,  that  «nv 
true  binocidar  vision  results.  Different  methmls  have 
de\'isetl  for  the  purpose  of  stimxdiiting  the  desire  for  fusiim 
the  two  images.  Possibly  these  may  in  sonie  cases  I*  p 
ductivo  of  the  desired  effect.     In  most  cases  they  are,  bowei 
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iltogetber  useless,  and  it  is  indeed  doubtful  whether  in  the  few 
•ases  ill  winch  binocular  \48ion  returns  the  cure  would  not  have 
:ieeii  just  as  rapid  without  tlieir  aid.  The  be^t  test  for  the 
>resence  of  true  binocular  vision,  or  the  accurate  appreciation 
[>f  the  third  dimension,  is  that  which  is  known  as  Horing*8 
see  p.  28)  There  are  many  cases,  however,  in  which,  as 
ilready  mentioned,  the  eyes  pnyect  tlieir  images  properly  in 
^Bprdance  with  their  position,  and  which,  short  of  complete 
PPrcular  vision,  acquire  the  ptfwer,  sooner  or  later  after  opera- 
don,  of  making  use  of  the  two  eyes  together  in  such  a  way 
w  to  afford  a  guarantee  against  the  retiirn  of  the  s<)uint, 
iiT  the  subsequent  oa.-uxTence  of  rektive  or  absolute  diver- 
ace.  When  a  prism  of  say  4°  to  6°,  with  the  angle  directed 
Inwards  or  outwards,  held  in  front  of  either-  eye,  while  the  4>ther 
is  fixing  any  object,  gives  rise  to  a  convergent  ur  divergent 
movement  of  that  eye,  we  may  conclude  that  binocular  vision  of 
Bomc  kind  exists. 

T}n'  diofotjt/  of  ciinvergCTit  strabiamus  is  a  pniiit  wliich  still 
pn.'&ent>>  very  considerable,  difficulties,  probably  because  there*  are 
!«veral  caiK^es  acting  singly  or  conjointly  in  different  cases.  The  moat 
generally  accepted  explanation  is  that  wliieh  was  first  given  by 
Doudnrs.  Acoordinj^  to  tliia  view,  the  necessity  for  a  greater  amount 
of  accommodative  action  for  accurate  I'ocnssing  nf  any  object,  near  or 
distant,  which  exists  in  the  ert.«e  nf  hypenni'tri>piii,  wht?n  oom])arefl  with 
Mmmetropiu,  must  have  one  or  otlier  uf  tin-  folluwing  uon^eqih-'nces. 
Either  the  rulatiun  existing  Ijetween  accommodation  and  cunveryence 
has  to  be  more  or  h»s8  abnonnally  dissociated  ti>  admit  of  binocular 
fixation,  or  binocular  vision  has  to  he  given  up  in  oider  to  admit  of 
the  <lpgree  of  converj^rnce  In-in*;  uHsumiMl,  which  is  iiiiturally  associated 
with  the  amount  of  acrommodation  wliich  has  to  Ixi  ))Tou^ht  into  action 
to  allow  of  accumte  focussing.  In  the  tirst  case  there;  may  l>e  asthenopia; 
in  the  second  there  is  convergent  ftijuint.  For  with  the  gn^ater 
Bccommodatiou  necegsary  to  focus  a  point  at  a  finite  distaneu  from  the 
eyes,  thejv  nuist  1*,  if  the  noniial  connection  between  association  and 
convergence  holds  good,  a  ^'reater  degrw*  of  convergence  than  is 
require*!  for  the  jvoint  fixed.  This,  tot),  nnist  lead  to  an  inward  squint 
of  one  eye,  as  the  other  must  be  used  for  the  fixation  of  the  object. 
"Which  of  these  two  conditions  actually  cornea  about  in  any  case  will 
de|.»end,  according  to  Donders,  ou  the  viUue  of  binocular  vision,  so 
dial  any  circumstance  leading  to  detective  vision  in  one  eye  would 
strengthen  the  tendency  wliich  hyjjermetropia  has  to  induce  conveigont 
strubisnius.  According  to  Schweigger,  on  the  other  liaini,  the  occur- 
rence or  non-occurrem^e  of  convergent  strahisnius  is  depondent  muiidy 
on  the  existence  or  not  of  wliat  he  calls  elastic  prepoudeiunce  of  the 
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intemi.  When  such  propoudoranco  («xiflt8,  and  it  is  admittedly  metre 
frequent  in  connection  with  hyi>ennetropia  tluin  with  other  coDilitiniia 
of  refraction,  it  depends  ui>on  the  vidue  of  biuocuUr  vision,  as  well 
on  the  amount  of  preponderance,  whether  or  not  ft  manifest  aqtiint 
the  residt.  The  iissumed  preponderance  of  the  intenms  over  t 
pxtfirnus  niny  exist  in  one  or  both  eyes  ;  in  either  caae  the  converj»«D 
will  be  transferred  from  the  Bquinting  eye  to  the  other  whtn  t 
squinting  eye  is  used  for  fixation.  This  f<iUowR  because  the  inncrvv 
tion  required  to  bring  the  siiuinting  eye  fr<.fni  it*!  c<Mivet^nl  to  its 
fixinjr  position  is  necessarily  associated  with  a  corrcsp*^nding  inm-rra- 
tion  of  the  internus  of  the  occluded,  though  usually  fixing,  p_v^ 
Wliere  there  ia  anisometropia,  however,  the  amount  of  sqnint,  wh.*:! 
the  eye  used  for  fixation  is  covered  and  takes  up  the  abnormal  pottitiou, 
is  often  not  the  same  as  when  the  other  eye  squintj?,  showing  cleiu-Iv 
that  the  degree  is  partly  dependent  on  the  amount  of  accommculaliou 
rei^uired  iii  each  eye  for  the  focussing  of  the  t)hject  UxkI. 

Another  explanation  which  has  been  offered,  and  which  diffli 
aliglxtly  from  Schweiggtir's,  is  tliat  the  iterraanent  wjuint  is  me 
manifestation  of  the  position  of  equilibrium  of  the  eyes,  the 
being  eonvergeuce  instead  of  pttndlell«m.    This  position  of  equilibri 
it  is  held,  is  assumed  when  binocular  vision  fwm  any  caus*' — aa 
most  frequent  is  of  course  amblyojiia  of  the  one  eye — is  not  sufficiL-ji 
useful  to  assert  itself  against  a  disadvautoge.     According  l«^  this  ric 
the  spontaneous  cure  of  squint  takes  place  wlien  the  anatomical  po«iLi 
of  equilibrium  becomes  altered  in  such  a  way  as  to  cans*  the  extei 
to  become  relatively  more  prep»:>nderant. 

It  Bcema  very  doubtful,  however,  whether  the  truly  anAtontiral 
jwsition  of  rest  is  over  tme  of  convei^nce,  and  uiora  than  doul 
ful  if  this  convergent  position  is  oven  as  marked  as  it  is 
strabismuR.  AVhat  has  been  called  by  many  the  conwrgcnt 
tion  of  e<iuilibnum  has  been  foimd  to  be  most  common  in  hyp 
metropia,  while  the  4livergent  position  is  most  frequent  in  myc-pii. 
From  the  manner  in  which  these  ]>ositioDs  have  b«jeD  deU-miiii^L 
it  is  evident  that  they  do  not  corresiiond  to  the  anatomical  i^v 
tions  of  rest.  Von  Graefe  long  agi>  pouited  out  that  it  is  xtA. 
easy  to  discover  what  that  position  Is  in  any  partictdar  naw,  ■■ 
the  muscles  are  continmdly  innervated.  Apart,  too,  from  thta  eod- 
tinual  innervation,  the  explanation  and  im]3ortanco  of  wfaieh 
discussed  further  on,  it  is  by  no  means  possible  to  get  rid  of 
innervation  wtiich  is  associated  with  accommodation.  Although  wit4| 
atn:»pine  we  may  paralyse  accommodation,  we  cannot  suppress  tlit 
ivipulm  to  it,  with  which  some  movement  of  convfrgenee  is  necesaiaril; 
ateociated.  That  the  imptdae  to  accommodation,  and  not  the  act 
accommodative  change,  is  all  that  is  necemiary  to  give  rise  to 
convergent  movementa  can  be  easily  shown.  Thus  one  may  fnwj 
aee  a  s^julut  arise  us  soon  as  an  attempt  has  been  made  by 
whose  ciliary  muscle  has  been  jvirnlyfied  by  atropine  to  see  any  obj« 
distinctly,  even  although  there  is  at  other  times  no  misdirection  of  th 
axes.     From  the  direction  of  the  orbits,  and  from  the  divergence 
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with  under  complete  auieethe«iia,  it  certainly  appears  as  if  the 
anatomical  ftosition  of  ih**  eyes  were  always  a  more  or  less  divergent 
<me.  This  (>osition,  too,  which  must  be  looked  upon  as  the  true 
starting-point  for  iunennition  to  conver^nco,  no  doubt  differs,  and 
perhaps  not  inconsiderably,  in  different  individuals. 

iHindem'  view,  though  comdwratfd  iu  the  uuun  by  many  cases, 
ifi  principally  fikulty  in  that  it  presup|xtses  a  connection  in  the  case 
of  hy[>ennetrojjia  between  uccoiiimodation'  and  convergence,  exactly 
similar  to  that  whioh  cxisU  in  einmetropia.  That  such  is  not  always, 
nor  indeed,  most  frequently  the  caee,  has  already  been  explained. 
Further,  the  same  fa*rt  is  sliown  by  the  ca-ses  in  which  hyiiermetropia 
and  tinilat<?ral  aniljlyoj>ia  ^^xist  without  convergent  strabismus. 
But  whilst  the  connection  between  accommodation  and  convergence 
is  fu)  far  from  being  always  what  might  be  called  normal,  there  ia 
yet  ulwoys  come  sort  of  connection,  most  frequently  one  in  which 
the  degree  of  convergence  is  ctmsiderably  leas  than  that  of  acr^m- 
mo<lution,  but  also  one  in  which  the  reverse  is  the  case.  There 
can  b(t  little  doubt  that  it  is  wrong  to  8U]i|)ose,  as  has  been  done, 
that  such  a  conn<*«:-tion  takes  place  only  where  there  is  binocular 
vision.  Again,  Uonders'  view  does  not  account  for  the  combina- 
tif»n  of  enimiitro]tin  and  convergent  squint,  or  for  the  less  common  but 
not  nire  form  of  myopic  convergent  8i|uint.  The  existing  association 
between  accommodation  and  rj»nvorgence  in  any  given  case  ia  no 
doubt  to  a  great  extent  acquirir'd,  but  it  is  not  unlikely  that  Ix'th  the 
lax  iNiudition  of  such  association  which  would  counteract,  as  well  aa 
the  more  intimate  connection  which  would  favour  squinting,  are  in 
some  measure  the  result  of  inheritance.  It  may  consequently  be  in 
this  way  that  the  hereditary  disposition  to  squinting  comes  into  play. 
Schweigger's  view,  on  the  other  hand,  appears  to  mo  to  ascribe  too 
much  to  the  mere  physical  state  of  thf  muscles,  and  to  too  completely 
disreganl  the  tijuditions  of  their  innervation. 

In  many  cases  the  sfpiint  ran  Jk*  easily  shown  to  be  purely  accom- 
moilutivt?,  and  only  appears  when  an  effort  is  maile  to  see  distinctly. 
In  some  of  thes«'  casej4  the  S4iiiint  is  associated  with  dii>lopia,  and  the 
individual  usually  prefers  indistijict  vision  to  double  visi<m,  and  there- 
fore exerts  his  accommodation  as  little  a.'^  jMtssihlc.  In  other  cases, 
again,  the  conditions  arc  s»  unfavourable  to  accommodation  that, 
although  there  is  never  any  diplopia  on  the  asftumption  uf  the  ex- 

ive  convergence  which   comes   on  with   accommotlation,  still  an 

mmo«iative  effort  is  only  comparatively  rarely  made  and  never 
ined. 

The  most  interesting  cases  of  purely  accommoilative  squint  are, 
however,  the  regularly  perirwlic  cases.  The  siiuinting  position  may, 
for  inatfince,  onlv  1«^  asaume'i  every  other  day,  or  it  may  bo  only  iu 
the  evening ;  while  at  ulher  timeii  the.  axe."*  are  properly  directed. 
The  explanation  of  such  c;i*^»  is  evidently  that  the  di.ssociution  of  the 
combined  inipidses  to  accommodation  and  convergence  rwjuires  an 
amount  of  effort  which  cannot  l>e  indefinitply  sustaineil.  Rest  is 
obtained  therefore   by    assumiug  the   S([iuuting  position  for  a  day. 
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Frp-ftiiontly,  too,  one  st't*8  ca.st«8  whor?  the  strabiimms  only  [iunif««b 
itself  when,  the  individuai  i»  in  uny  way  exhrnisleiJ,  hut  is  mvviwc* 
tifter  fo<Hl  (»r  sleep. 

A  similar  exi>Innfttioii  ai)j>liea  to  sm-h  r»ses  where,  aiter  drlil 
tiag  illnii'we.s,  a  iniinifest  stiuiiJl  niakra  it>*  )tpi>eAnui*M».  In  (■«!»(• 
cnseR,  although  thoro  inrtv  V>C'  good  vision  in  either  eye^  and 
it  \»  found  oil  testing  with  prisms  that  thi*  ih»wct  of  fti»it>n* 
say,  of  diasoc- ill  ting  the  afvH)ciateil  iiu|>til:H--s  tit  aceomm<xittU*>u  *u>< 
convergence  in  the  interest  of  hinocnlar  viftion— is  ver)'  slight.  Y*< 
the  ul.iBenf;e  <»f  any  wpiint  l>efMre  the  illness  shows  llut  tin:  erf'iT! 
required  for  such  a  dissociation  hjis  previously  not  been  too  gteai  biU 
permanently  maintained. 

The  jterrtmnent  clement  of  the  aquint,  the  amount  of  wkuch, « ao 
far  aa  it  alone,  as  a  rule,  eidU  lor  opemtive  correction,  it  is  of  ^jum 
importance  to  ascertain^  at  all  events  approximiitely,  is  at  the  moh 
time  that  which  is  most  piualing  in  it*  nature.  Several  expLuumiiu 
have  been  advanced.  Alfri'd  Graefe,  for  instance,  believes  that  a 
actual  shortening,  due  to  stnictural  change,  takos  place  in  the  inUTiioi 
of  the.  squinting  eye;  while  S<'hweigger  holds  tluit  then'  i^  j:taltailT 
induceil  in  this  muscle  an  intrrease  in  thr  amount  of  \iA  lonK  (;nDlll^ 
tion,  whereby  it  l^'oimes  perniunently  although  only  fuuriicituUr 
shortened.  Neither  Alfred  Graefe,  hfiwever.  nor  any  one  else,  Uw  m 
yet  furnished  an  anatt»mic^d  ilemonstration  of  ihe  *up|»twe«i  slructunl 
change  in  the  muscle.  The  fact,  t"K»,  that  a  fierrnaneiit  Rquint  jmt 
altogether  disajjpear  in  the  course  of  time,  while  it  does  not,  uf  onrot, 
prove  that  such  a  change  never  tukea  jilate,  dmw  most  de^'idnll.T  bI»»^ 
that  it  does  not  always  take  place.  SehwciggeKa  explanation  p*t»OT« 
the  difficulty  of  the  spontJiiieouR  ciire  of  stralrismns.  Both  Ti(*w»  >w, 
however,  inconsistent  witli  one  cireumntaiin'  in  connection  wtlh 
squinting,  viz.,  the  dispMpcirtion  which  almost  always  exist*  l^iftwwn 
the  deviation  of  the  tjquiiiting  eye  and  the  insutticiency  of  ttw  tnUwwd 
movement.  Although  in  the  great  majority  of  wise*  of  con 
stnibismu?  some  restriction  in  the  extent  of  possible  oulwuM 
meut  is  evident  either  in  one  or  Iwth  eyes,  the  rRstrietion  i*  mrdt 
ever  eipial  to  the  luiiount  of  the  squint,  and  is  genertdly  *«ry 
miirki'dly  U-ws. 

Fntm   the  fact  that  a  perinanent  squint  is  only  very  grw'lujJly 
actjuired,  and  may  altogether  disapiieur  under  an  anastbelir,  ii 
most  natural  to  assume  that  it  is  oidy  the  expression  of  an  td 
condition  of  peimanent  innervation  brought  about  by  the  dtsUM 
the  stimuli,  which,  as  long  as  the  two  eyes  always  work  t*:>ge  " 
succeed  in  counteracting  tlie  tendency  to  over  convergeuct^  fmm 
elation  Avith  accommodation,  or  fmm  any  other  cause.     We  hare,  i 
fact,   to  distingxiish  between  an  uquilibrium  of  the   hUenU  nm^'I 
independent  altogether  of  the  stite  of  their  inner\'ati<-iu— wliai  I 
l)een  referred  to  as  the  anatomical  position — and  a  position  oi  inn 
vation  cijuilibrium.      The  reiiuireraentti  of  an   individual   pi»<*e**i 
good  binix-nlar  vision  are  such  as  to  favour  the  arquiri>meni  of 
position  of  innervation  equQihrium,  in   wliicli   the   viswU   Axes 
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iHirallel,  and  this  altogether  independent  of  what  may  he  the  ana- 
tomical position  of  rest.  On  the  other  hand,  the  constant  necessity 
for  over^^onvei-gence  which  is  sewn  in  h>7>ernietn)pic  individuuls  who 
squint  loads  tt*  a  i>orm;ment  innen'ation  equilibrium  of  convergence, 
Jhe  fiegree  of  which  may  not  unlikely  depend  to  some  extent  on  what 
iu  any  jinrticular  case  the  position  ot'  anatomityil  rest.  Wc  may 
ly,  then,  that  permanent  Bf|uinting  comes  from  e(|uinting,  just  us 
permanent  straight  vision  comos  from  looking  straight ;  the  state  of 
foustaut  innervation  is  in  fact  in  accordance  with  the  continued  habit 
ill  eiu-'b  cai%. 

This  explanation,  wliich  makes  squinting  a  mere  phenomnnon  of 
innen'ation,  and  not  dtio  to  any  muscular  defect,  is  that  given  by 
Hansen  Gnit.  It  is  certainly  more  consistent  with  all  the  clinical 
&cte  iu  connection  with  strabismus  than  those  which  Imve  been  men- 
tioned- As  far  at  any  rate  as  the  moat  frequently  occurring  casea, 
where  the  squint  is  connected  with  liy[ji.rraftro]fiii,  is  t;om<;rnLMi,  it  is 
but  an  extension  of  Dondora'  view  to  it?*  natural  conclusion.  There 
are,  however,  other  cases  in  which  the  original  cause  of  tlie  abnormal 
convergence  is  less  apparent,  in  wluch,  for  some  reason  or  other,  con- 
rergent  movements  are  greatly  in  excess  of  accommo<lative  changes. 
Whatever  may  be  the  cause,  though^  of  the  stiuinting,  the  tendency  to 
ite  becoming  permanent  is  exphiined  liy  the  tendency  that  then^  is  for 
the  Btat^?  of  permanent  innervation  to  kyid  to  a  convergent  state  of 
equilibrium.  That  the  deviation  met  with  in  strabismus  is  an  inner- 
vational  one  is  evidenced  by  the  i-xlrenie  ciuses  of  insulhcicncy  of  con- 
vergence, or  actual  lotia  of  converging  i>ower,  which  ant  met  with  after 
tlie  correction  of  lugh  degr»:es  uf  convergent  atmbismun.  In  such 
(uuuts  there  still  exists  a  jKJwer  of  moving  either  (^ye.  inwanlB,  in  ilsso- 
ciation  with  the  outward  movement  of  the  other  eye,  though  naturally 
to  a  less  degree  than  before  opemtion.  With  a  jMirallel  position  of  the 
eye,  therefore,  tlurm  is  nevertheless  a  <*omi«Ii;k*,  or  ncuvly  complete, 
innervation  to  convergence  at  play. 

This  inikervoJt^mi  theory^  as  it  may  l>e  called^  explains  the  con- 
ccfniitancti  of  the  squint,  the  etpiality  of  the  primary  and  Herondary 
deviations  where  there  are  no  great  dillQrenees  in  tlie  refraction  of  the 
two  eyes,  and  the  restriction  which  is  met  with  iii  the.  extent  of 
possible  outward  rotation  of  the  aquintiiig  eye.  We  know,  a.^  lias  Ikvu 
very  clearly  demonstrated  and  explaini'd  by  IK-ring,  that  iin  object  in 
fpimt  of  or  to  either  side  of  the  eyes,  and  at  the  same  disUmce  from 
them,  necessitates  always  the  same  amount  of  convergent  impulse, 
although  in  one  cjise  the  eye  \»  turned  inwards,  wlale  in  another  the 
siime  eye  is  turned  outwurds.  In  the  (irat  onav  the  inward  rotation 
of  the  eye  is  due  partly  to  u  contraction  <.f  tlie  int'^rnus  actuated  by  a 
convergent  impidse,  and  ])iirtly  tct  our  bi-ought  alioiit  by  an  impulse  to 
associateti  movement  with  the  opjiosite  extemus.  In  the  second  case, 
again,  while  the  contraction  of  the  internus  aa  the  result  of  a  con- 
vergent impulse  is  still  present,  it  is  more  than  counterlmlanred  by 
tlie  ext<u-nu8  contmction,  winch  obeys  the  associated  impulse  :  that 
is  to  say,  the  \}ye»  follow  each  other  to  either  side  without  any  altera- 
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tinu  ia  the  araoimt  of  oonvergpnce.  In  the  same  way,  then,  in  lia 
ca»o  of  a  convergent  squint,  us  the  innervation  to  ronvergpuw,  is»> 
ciated  with  a  particular  distance  accoiuniodated  for,  remains  Uie  ume, 
no  difforenco  of  any  amount  in  the  degree  of  the  deviation  is  met  Tiii 
to  either  side — tliat  is,  there  is  concomitance.  Further,  th?  extenul 
rotation  of  the  cyo  must  ho  cither  greater  in  range  or  effected  witi 
greater  ease  wh<»u  unresisted  by  the  contraction  of  the  intemus,  lliixi 
when  a  convergent  impulse  causes  a  countcmcting  controctioa  of  tbit 
nvuBcle.  AVe  might  therefore  expect  to  find  stime  restriction  in  ibi 
outward  movement  when  near  objects  are  lixed,  when  compan:*!  «ilfc 
that  possible  on  the  fixation  of  distant  objects.  To  »omt>  eitait, 
no  duubt,  the  restriction  found  to  exist  in  the  outward  rotatioB  i» 
merely  apparent,  and  due  to  a  want  of  efl'ort  to  bring  about  i  posiliuo 
wliich  is  never  called  for.  The  idea  of  a  permanent  txiQTCTfjMrt 
innervation  as  the  cause  nf  squint  is  certainly,  then,  8up[«rteii  by  thf 
restriction  of  the  external  movement,  which  ia  ofteJi  apparent  in  lb* 
non-squinting  as  well  as  in  the  squinting  eye. 


DivKUGKNT  Strabismus. 

Some  degree  of  latent  divergence  for  dist-ant  fixation  is  nun* 
fryqweiit,  ia  adults  at  least,  thiin  latent  convergence,  Wheo 
from  any  cause  one  eye  ia  the  case  of  au  adult  is  rendered  blinJ. 
it  ia  therefore  more  freiiuently  found  to  fail  in  the  direction  d 
insufficient  convergence  with  respect  to  the  object  fixed,  or,  in 
other  words,  to  diverge,  than  to  take  up  a  rehitively  loo  nan- 
vergent  position.  The  latent  divergence  becomes  in  fact  « 
manifest  divergence  when  binocular  vision  is  rendere*!  im- 
possible by  the  loss  or  considerable  impairuieut  of  vision  of  i"<M 
eye.  The  degree  of  divergence,  too,  increases  aa  time  goes  cm. 
Tliis  is  no  doubt  owing  to  the  alteralion  in  the  state  of  ]>ennj*o»Mit 
innervation  which  the  defect  in  convergent  movements  Itnngs 
about.  Such  convergent  movements  become  defective  owing  t« 
the  necessary  absence  of  fnsi(»n.  The  loLal  extent  of  the  diwf- 
genc€  still  existing  after  a  long  time  dillers,  too,  in  differeiU 
cases,  and  this  may  not  unlikely  be  owing  to  the  diflVreuces  in 
the  state  of  anatomical  equilibrium. 

The  reasoa  why  divergent  strabismus  is  so  much  less  common 
than  convei^eut,  is  that  so  many  cases  of  squint  arise  in  earlr 
life,  after  congenital  or  early  acquired  amblyopia,  or  other  con- 
ditions le4iding  to  absence  or  loss  of  binocular  vision,  at  a  liine 
when  the  conditions  of  innervation  favour  convergence  rathtf 
than  divergence. 
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Divergent  strabismus.  ul»soIute  as  well  as  relative,  and  con- 
nt  as  well  as  periodic,  occxirs  in  association  witli  all  conditions 
of  refraction;  but  whilst  convergent  strabismus  is  most  fre- 
quently a-ssociated  with  hj^mietropia,  divergence  is,  on  the 
other  hand,  though  not  to  a  corresponding  extent,  associated 
with  myojiin.  Where  there  is  myopia  the  diverging  eye  is  very 
frequently  much  more  myopic  than  the  other,  and  amblyopic  at 
the  same  time-  Whereas  in  the  Cfise  of  hypernietropia  there  is 
apt  to  be  a  tendency  to  over-convergence,  in  myopia  the  require- 
ments are  such  that  convergence  receives  little  or  no  support 
from  accommodation ;  and  this  circumstance  may  give  rise  tii 
wliat  is  in  reality  an  insufficiency  of  convergence,  though  it  is 
often  \vrongly  spoken  of  as  insufficiency  of  the  iiiterniil  recti. 
This  insufficiency,  along  with  any  cause  which  diminishes  the 
vahie  of  binocular  \'ision,  is  an  element  of  importance  in  the 
etiology  of  divergent  strabismus. 

Relative  manifest  divergence  is  often  seen  when  one  eye  is 
myopic,  although  not  to  a  high  degree,  and  with  good  visual 
acuity,  and  the  other  either  emmetropic  or  hypermetropic,  or  it 
may  )>e  only  slightly  myopic.  The  myopic  eye  is  used  then  for 
tbe  fixation  of  near  objects,  and  tlie  other  diverges.  The 
different  staU's  of  refnuMinn  render  it  imponsible  to  obtain 
binocular  vision  in  reading,  and  as  the  reading  can  be  done  by 
the  myopic  eye  without  any  exertion  of  aecnnmiodation,  it  is 
most  invariably  used.  There  is  therefore  nothing  to  kee]i  up 
proper  tlirection  of  the  other  eye,  as  with  the  absence  of  ac- 
commodative impulse  there  is  no  associated  convergent  impulse- 
Just  lis  in  hypennetropia  the  relation  between  accommodation 
and  convergence  temls  towards  over-c^>nvergence,  so  in  myopia 
it  tends  towards  too  great  divergence ;  and  as  in  the  first  case 
we  have  seen  that  when  cmce  the  excessive  convergem^e  liaa 
l»ecome  manifest  it  tends  to  increase,  so  in  the  case  of  divergence 
the  disuse  of  the  counteracting  c^^nditions  of  innervation  lead 
gradually  to  an  increase  in  its  amount  when  it  has  passed  from 
e  latent  to  the  manifest  form. 

Two  important  forms  of  divergent  strabismus  should  be 
distinguished  :  one  in  which,  notwithstanding  the  divergence, 
convergent  movementH  take  place  along  with  the  other  eye ; 
the  otlier  in  which  such  convergent  movements  are  aln;ost 
entirely  al)sent,  and  the  diverging  eye  only  moves  in  association 
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with  \\w.  lateral  movements  of  the  other.  In  the  latter  case 
either  the  prolonged  absence  of  the  usual  stimuli  to  converjwnee 
i»as  led  to  its  gradual  disappearance  altopiUier,  or  something  haa 
occurred  to  interfere  with  the  central  innervation  which  should 
bring  about  movements  of  convergence. 

Tiir  operations  winch  may  be  require<l  for  the  cun?  of 
divergent  strabisnius  are  tenotomy  of  one  or  b'tth  external  recti, 
with  advancement  of  the  internal  rectus  of  the  squinting  ej'c. 
It  is  rare,  indeed,  that  the  internal  rectus  of  the  other  eye  as 
well  requires  t^^)  be  advanced.  The  conditions  in  the  case  of 
divergent  strabisnma  are  somewhat  difterent  from  those  in  con- 
vei'gent  strabismus :  insufficiency  of  the  external  recti  after 
tenotomy  is,  owuig  to  the  large  extent  of  the  ]>ortion  of  the 
tendon  applied  to  the  globe,  less  likely  to  oc€ur,  and  even 
where  it  does,  as  long  as  pai-allelism  is  possible,  it  is  of  less 
importance  than  insufficiency  of  the  internal  rectus.  In  nurtl 
cases  it  is  best,  therefore,  to  attempt  to  re<:tify  the  faulty 
position  by  at  once  performing  tenotomy  of  the  external  and 
advancement  of  the  internal  rectus  in  the  squinting  eye.  Tliia, 
too,  is  all  the  more  udvisal)le,  t^  in  many  cases  the  eftcct  to  be 
got  by  the  tenotomy  alone  is  slight  compared  with  that  which 
usually  lesults  from  tenotomy  of  the  internus. 

When  there  is  good  virion  in  both  eyes.  Lenot«jmy  of  one  or 
bfjth  extemi  is  often  sufficient  to  secure  a  good  correction.  Tlie 
most  unsatisfactory  cases  to  o|x^ratc  on  are  tlnxse  in  which  the 
convergent  movement  has  been  lost,  as  in  them,  even  although 
the  position  l>e  corrected  for  distant  fixation,  the  relative  diver- 
gence when  nearer  objects  are  tLxed  always  remains.  Wlmt  has 
l>een  said  witti  i-eference  to  the  ultimate  result  of  oi>eratiouft  for 
convergent,  applies  in  the  main  in  the  case  of  those  for  ilivergeni 
strabism\is  as  well. 

Vpwnrtl  ar  doirntrnrti  ivjuintit  are,  as  alreatly  said,  mrrly  %e«'n 
nlonu,  though  not  infnHiucntly  iiiti't  with  m  a  cuinplicHtion  uf  Utvnl 
deviations.  Thfy  often  ivniain  after  full  op4:!mtivtf  correction  for  lli« 
convergent  stmbismus,  thou^'h  Wwy  ftometiines  dii«ij)j.K*Ar  with  it.  Il 
is  not  improbable  that  their  pre-cxifttence  may  ^ive  rine  aomi'timns  Us 
the  lateral  forms,  where  thi?  other  conditions  favour  oonveigrncn  or 
divergence.  It  is  mro  that  any  operation  is  called  for  in  th(>  rase  of 
vertical  sqaintd,  ullhough  tenotomy  of  either  superior  or  inferior  rvctufl 
niny  sometimefl  be  performed. 

Operations  of  this  kind  have  been  performed  of  recent  y«an^ 
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•pjniri'ntly  very  frtM|uontIy  by  sonio  American  ophthalmic  Hurgeona. 
Tlie  reason  why  such  interference,  which  is  unquestionably  altogether 
uncalled  for,  does  not  lend,  as  a  rule,  to  any  serious  consenuences,  is 
Uiftt  most  vertical  deviations  are  of  the  same  passive  nature  as  latent 
divergence,  so  that  no  great  retraction  of  the  divided  niuscular 
"  tsertion  takes   place.     The  >»eueticial  results  following  occasionally, 

all  evenUi  li'raporarily,  tenototniet*  of  the  superior  and  inferior 
recti,  are^  no  doubt,  due  mainly  to  rest. 

In  a  few  caseH  of  vertical  sijuint,  the  deviation  is  of  another 
Flifltnre,  more  allied  to  convergent  stmbisimis,  in  so  far  as  the  muscles 
•TV  in  a  stat^  of  contraction.  The  proper  regidation  of  operations 
undertakcu  for  the  rnlief  of  such  eonditiona  is  very  ditficult.  They 
probably  result  from  some  vicarious  contraction  induced,  in  the  first 
phtcc,  at  a  time  wh»*n  there  has  been  a  paretic  condition  of  ono  of  tlw 
latent]  muscles.     But  their  patholog>',  in  all  cases,  is  far  from  clear. 


Nystagmus. 


Nystagmus  is  the  uaiue  given  to  involuntary  oscillator}' 
moveuients  of  the  eye.  The  movements  are  mostly  from  side 
to  aide,  but  may  be  rotatory  or  almost  entirely  vertical.  They 
are  generally  constant,  but  increase  in  intensity  with  uttempta 
at  fixation,  or  when  the  individual  is  in  any  way  excited  In 
some  eases  the  nystagmus  only  exists  for  certain  directions  of 
fixation,  most  frequently  when  the  eyes  are  directeil  upwards. 
There  is  always  some  degree  of  jerky  or  nystagmic  movement 
whenever  the  eyes  are  forcibly  turned  in  any  directi<ui,  and  an 
attempt  made  Ui  maint^iin  them  for  any  length  uf  time  in  what 
corresponds  to  the  boundaries  of  the  physiohjgical  action  of  the 
respective  musclos.  Nystagmus  is  consequently  u  frequent 
symptom  in  ocular  paralyses,  wlien  the  eye  is  moved  in  the 
dLirection  of  the  weakened  muscle. 

Most  cases  of  nystagmus  are  developed  in  early  life  as  the 
resplt  of  defective  vision  at  a  time  when  the  movements  of  the 
eyes  snited  to  the  requirements  of  fixation  would  otherwise  be 
ncquiretL  The  education  of  the  co-ordinating  centres  is  thus 
imperfect.  Sometimes  these  centres  appear  to  be  primarily 
aftectedr  but  little  is  known  as  to  the  cause  of  this.  Nystagmus 
.may  bb  acquired  in  after  life  as  the  result  of  changes  in  the 
lerve  centres,  or  as  a  consequence,  it  would  seem,  of  some 
altered  states  of  innervation  brought  about  by  abnormal  con- 
ditions of  illumination  and  fixation. 
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A  common  variety  of  acquired  nystagmus  is  what  is  call* 
millers*  nystagmits.     In  this  condition  the  irregular  iuvolunli 
coutruetious  take  place  mainly  or  entirely  in  Wking  upwanh 
and  are  associated  with  the  subjective  symptom  of  a  correspom 
ing  rapid  movement  of  external  objects  which  is  very  disturbin( 
There  cah  be  little  doubt  that  miners'  nystagmus  is  caused  h 
the  tiring  of  the  ocular  muscles,  which  are  overstrained  owi] 
to  the  constrained  position  in  whicli  tlie  eyes  have  to  Xni  mail 
Laincfl  liy  tlie  miner  at  his  work.     Snell  lias  shown  very  vxm 
clusively  that  it  is  ouly  developed  in  those  whose  wi:»rk  is 
sucli  a  nature  as  to  necessitate  the  strained  position  of  tixatioi 
When  this  constant  straining  is  given  up  the  nystagmus  slowlj 
passes  ofl*.     In  this  respect  the  miners'  n}^tagmus  difl'ere  h\n 
that  which  is  acquired  owing  to  defective  vision  in  early  lif« 
In  the  latter,  too,  there  is  seldom  any  subjective  sensation  <i 
movement  of  external  objects. 
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OPERATIONS. 


General  Remarks. 


Operations  are  performed  on  the  eye,  or  its  appendages,  with 
various  objettta  in  view.  The  most  iniportuiit,  and,  when  they 
prove  successful,  perhaps  also  the  most  satisfactor)'  operations, 
are  those  which  aim  at  the  improvement  of  the  state  of  vision, 
or  the  prevention  of  any  threatened  deterioration  of  vision. 
Some  operations  are  performed  solely  or  mainly  for  the  relief  of 
pain:  others  a^ain  s*»ek  to  remove  disejised  coiiditions  wliich 
endanger  life,  or  to  remedy  deformities  which  entail  danger  to 
the  eye.  while  some  are  mainly  intended  to  have  a  cosiuetic  eJfect. 

Before  proceeding  to  a  detailed  description  of  the  various 
most  siiitahle  ojjeralions,  a  few  general  remarks  as  to  the 
precautions  which  shoidd  be  taken  in  all  cases  may  not  l>e  out 
of  place,  ami  will  at  the  same  time  serve  to  obviate  too  mucli 
repetition. 

All  the  instnunents  used  in  eye  operatioiis  tnvst  be  absolutely 
eUan.  They  must  not  only  \ye  aseptic,  but  free  from  rust,  blood 
stains,  or  any  foreign  matter.  This  applies  most  urgently  to 
such  as  are.  for  any  piu-pose,  introduced  into  the  eya  Any 
little  piece  of  foreign  matter,  even  though  aseptic,  if  it  becomes 
within  the  eye,  is  capable  of  seriously  impairing  the 
of  an  operation.  Little  bits  of  cotton  or  linen  fibre  may 
escape  detection,  and  for  this  reason  the  instruments 
shouM  not  be  rubWl  with  lint,  cotton  wool,  or  any  material 
from  which  fine  fibres  might  Ijecome  detached.  Instruments 
may  be  rendered  aseptic  in  various  ways,  and  it  may  not  always 
be  possible  to  atlopt  the  same  method.  Some  antiseptics,  though 
sufficiently  strong,  spoil  the  steel,  others  are  irritating  to  the 
ej«.  Boiling  water,  or  a  five  per  cent,  solution  of  carbolic  acid 
are  the  most  practically  useful;  but  before  using  the  instru- 
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meuta  after  they  have  been  rendered  aseptic  by  carbolic  nci* 
they  must  be  transferred  to  stiine  non-irritating  solution.  \\ 
this  purpose  boracic  acid,  in  the  streuj^'th  of  1  t.»  'iO.  may  b 
used. 

Besides   being   clenu    and    aseptic,   it    is    ol'    con^il*i  Ltlel 
importane*?  to  see  thnt  the  cutting  instrume.nl:?,  knivi^st,  m'!>si 
needles,  &c.,  are  sharp.     A  sharp  instnuuent  is  a  desideratui 
in  most  surgical  operations,  but  it  is  very  esseritijil  i\\wxi 
the  success  of  an  operation  perfornie<l  on  the  eye,  as  not  oul] 
is  the  uiunipulation  of  a  shaqi  instrument  mucli  easier,  bui  ll 
greater  ilragging,  bruisinjj,  and  stretchin>r,  wliifh  niay  ' 
by  bhnit  steel,  is  not  favourable  to  healing  by  hnst  t 
and  may  give  rise  to  troublesome  irntation.     At  the  same  tii 
as  the  vitality  of   the  tissues  is  iriterfei-ed  Mitli  lo  a  grtali 
extent  than  iu  the  case  of  clean  cut  wounds  llie  danger 
septic  inoculation  from  any  existing  cause  is  increased, 
points  and  edges  of  the  knives  should  be  tested  immedta^-Ii 
before  they  are  used.     This  is  l)est  done  with  a  little  piece 
thin   kid   leather  kept  tightly  stretched  by  an   assisiAni, 
stretched  across  a  small  drum  made  for  the  ])urpose.    To 
sufficiently    sharp    jtoint    thivS    should    ofTer    no    apprecialjU 
resistance,  and  the  keenness  of  the  edge  may  be  inferred  froi 
the  ease  with  which  the  leather  is  cut  by  it     Scissors,  ItesidoAJ 
being    sharp,   should    have    their    blades    sufliciently   lijjLtlyj 
screwed  together  to  cut  readily  at  tlie  ]>ointa.  * 

It  is  necessary  (0  hmr  a  t/oofl  Wjht  ^^n  the  eyr  whiLd  optr^tA 
iiiuf.     The  table  or  couch  must  therefore  be  so  [daced  that  th< 
operator  or  his  assistants  do  not  inieK'cpt  the  light,  which  should 
preferably  come  from  one  side  alone.     When  artiticia)  light 
required,  the  niys  from  a  paraffin  lamp  may  bt'  focussed  on 
eye  by  means  of  a  large  convex  lens  held  by  an  assistnnt. 
useful  little  Inmp  for  this  purpose  has  been  invented  by  Prieotle; 
Smith.     It  is  practically  a  small  bull's-eye  lantern,  which  afftitii 
an  excellent  illumination,  and  is  easily  held  in  a  convenieni 
position  for  ttperating.     Incandescent  electric  lanterns  liave  li 
devised,  and  are  in  use,  but  do  not  offer  any  advantage  uvi 
Priestley  Smith's  lamp,  and  are  liesides  much  morv  expw 
During  an  operation  on  the  eye  itself,  care  must  l*e  tAken 
the  patient's  head  is  6rmly  held.     This  may  l»e  done  by  aa 
assistant,  who  should  kneel  iu  order  to  be  out  of  tlie  wnv  of  xhi 
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operator.  With  one  hand  on  either  side  of  the  head  it  may  be 
swjijrely  fixed  Another  plan,  often  adopted,  is  for  an  assistant 
un  either  side  to  hold  one  of  the  patient's  ears,  or  tlie  two  ends 
of  a  cloth  passed  over  his  forehead.  Some  operating  chairs 
and  couches  are  fitted  with  an  arrangement  for  fixing  tlie 
head. 

The  introduction  of  aoraine  as  a  local  anaesthetic  has  in  great 
measure  done  away  with  the  employment  of  general  anaesthesia 
iu  eyo  fiperations.  The  more  important  oi>ei*atinuH  for  the 
improvement  of  vision  can  now  generally  be  performed  with  the 
aid  of  cocaine,  without  causing  any  pain ;  so  that  the  question 
as  to  whether  general  antesthesia  was  advisable  or  not  in  such 
operations,  a  point  on  which  different  opinions  were  held,  no 
longer  calls  for  discussion.  A  solutif^n  of  muriate  of  cocaine,  of  a 
strength  varying  from  2  per  cent,  to  10  per  cent,  is  used  to  drop 
iut-o  tiie  conjunctival  s(ic.  Tlie  Kolution  should  l>e  made  up  with 
tame  antiseptic  (corrosive  sublimate  or  boracic  acid),  so  as  to 
bviaL*;  llie  j>ossibility  (»f  intnxiucing  any  micro-organisms  into 
the  eye.  When  the  stronger  solutions  are  used  the  point  of  the 
finger  shoidd  be  pi-essed  jigainsL  the  akin  over  the  tear  sac  to 
prevent  the  cocaine  passing  down  into  tlie  nose,  and  from  there 
to  the  stomach.  The  patient  should  Ije  told  to  keep  his  eye 
closed  after  the  drops  have  been  applied.  If  this  is  not  done, 
thei*e  is  a  tendency  to  a  rapid  dessication  of  the  surface  layers 
of  the  cornea,  on  account  of  the  insensibility  which  the  ames- 
tbetic  produces  checking  the  normal  blinking,  and  probably  also 
the  tlow  of  the  natural  lubricnuts. 

The  value  of  antiseptics  iu  eye  operations  is  now  so  definitely 
established  that  it  is  notluug  short  of  inexcusable  not  to  make 
^Ite  of  them.  Septic  inoculations  cannot  invariably  be  avoided 
by  such  antiseptic  precautious  as  it  is  possible  to  take,  although 
their  frequency  can  be  greatly  diminished.  The  reason  of  tins 
is.  in  all  proliability,  that  the  worst  sources  of  danger  are  not 
extemjd  t<»  the  eye,  but  in  the  eye  itself.  The  use  of  antiseptic 
applications  in  tlie  manner  about  to  be  desciibed,  and  the  atten- 
tion to  absolute  cleanlinasa  and  asopticity  in  the  instrumenta 
already  insisted  upon,  is  no  doubt  sutheient  to  prevent  the  possi- 
bility of  infection  from  without  It  is  otherwise,  however,  with 
any  micro-organisms  which  may  be  lodged  in  the  conjunctival 
sac,  or  wliioh  may  Hud  their  way  into  it  from  the  tear  pjissagca. 
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They  c&unot  be  destroyed  with  certainty,  and  the  tying  up  of 
the  eye  even  with  an  antiseptic  l)andage  not  only  docs  not 
exclude  them,  but  rather  tends,  owing  to  the  retention  of  the 
secretions,  to  favour  their  development  or  multiplication.  In 
e-Jise-s.  therefore,  where  their  existence  is  more  than  Ti>imlly 
obvious,  as  where  there  is  a  chronic  conjunctivitis  or  blenonrhoi 
of  the  sac,  it  is  necessary  to  adopt  special  antiseptic  precauVioia 
and  sometimes,  if  posaiblo,  to  defer  operating  until  there  ii 
reason  to  believe  that  such  local  soun-es  of  danger  iiave  been 
removed  or  mitigated.  The  most  useful  antiseptics  for  lod 
application  are  solutions  of  corrosive  sublimate,  and  iodofcna 
The  former  is  mostly  used  in  the  atn*ngth  of  I  to  5000,  h 
this  dilution  it  is  almost  always  found  to  be  non-irritating,  ihourfi 
cases  do  occasionally  occur  where  some  irritation  is  caused  eves 
by  such  a  weak  solution.  It  has  been  shown  by  Sattler  tluil  i 
solution  of  that  strength  is  a  sulliciently  powerful  germicide. anti 
clinical  experience  fully  hears  this  out.  Stronger  sr^lutions  nay 
be  used  where  there  are  unusual  risks.  Acconling  to  Saltier,* 
Bohitinn  1  to  10,000  of  the  biniodide  of  mercury  in  one  of  1  Ui 
5000  of  the  bichloride  is  still  more  powerfully  antiseptic,  I 
have  fi-equently  used  such  a  solution  freely,  and  found  it  to  b( 
non-irritating  and  apparently  at  legist  just  as  efficacious  as  the 
other.  Solutions  of  the  biniodide  of  mercury  alone  are  not  •) 
good,  although  they  are  recommended  by  some.  The  wnterj 
solutions  are  too  weak  to  be  sufficiently  powerfully  antiscplie, 
and  stronger  solutions  in  other  solvents  are  more  often,  in  mf 
experience,  irritating.  According  to  l>acteriologist«.  iodoform  is 
a  very  poor  antiseptic.  No  doubt  tliis  is  the  Ciise,  but  it  h» 
the  advantage  of  remaining  longer  in  situ,  and  of,  to  some  exwnt, 
acting  as  a  cement  between  the  lips  of  a  wound,  propextit* 
whii-h,  partly  at  all  events,  make  up  for  its  feebler  antiseptic 
properties.  A  stronger  non-irritating  antiseptic  of  the  same 
kind  is  a  desideratum  which  has  not  yet  been  iliscovered. 

Before  performing  any  operation,  the  conjunctival  sac  shooU 
be  thorouglily  wtushed  out  with  corrosive  sublimate  solution, 
and  the  8urn)unding  skin,  eyelashes,  and  eyebrows  also  carefollT 
cleansed.  From  time  to  time,  too,  during  an  operation,  the  lotion 
may  be  brouglit  in  contact  with  the  eye  eitlier  by  jKuiring  it  in 
a  small  stream  from  a  narrow-necked  bottle,  or  by  squeezing 
it   from  a   piece  of   absorbent  cotton  wool      Tlie  antiseptic 


OPERATIONS  ON  THE  EYELIDS, 


64s 


totion  probably  acts  in  two  ways — first  as  a  germicide,  and 
Becondly  by  washing  away  from  the  wound  the  fluid  wliich 
.coutaiiis  the  germs.  It  ia  not  unlikt'ly  that  the  latter  is  its 
most  efficient,  perhaps  indeed  its  only  etticient,  action.  The 
rnuthtHls  of  dressing  will  he  referred  tcj  in  connection  with  the 
separate  operations.  Beyond  the  precautious  referred  to,  viz., 
attention  to  asepticity  of  instruments  and  of  anything  brought 
in  contact  with  the  eye,  and  the  use  of  frocjuent  irrigation, 
nothing  further  Ls  requiretl  in  the  way  of  antiseptics.  Some 
few  operattjrs  as,  (■.</.  Hirschberg  of  Berlin,  attach  importance  to 
operating  in  an  aseptic  or  supposed  aseptic  atmosphere.  To 
do  thia  tliey  take  tlie  most  elaborate  precautious  in  the 
arrangement  of  theii*  opemtiug  rooms,  use  a  special  dresa  for 
operating,  &c.  Such  precautious  are  simply  an  evidence  of  an 
inability  to  understand  the  true  luiture  of  the  sources  from 
which  the  risks  of  si-ptic  iiiocuLition  arise.  Thev  do  not  lejid 
to  any  furtlier  reduction  in  the  number  of  itioculutious  than 
a  conscientious  attention  to  the  simple  precautions  which  ai-e 
recommended  against  the  real  sources  of  d*inger,  viz.,  the 
introduction  of  sci>tic  matter  by  tlie  hands,  lotions,  or  instru- 
ments, and  the  self-inoculation  which  may  take  place  from  the 
secretions  of  the  conjunctiva  and  tear-sac. 

kEtpoml'ui  ciliorum.  is  a  very  old  and  elegant  method  of 
ifying  the  position  of  faultily  directed  eyelaalies.  It  may  be 
frnplnyed  wlien  only  a  few  are  misdirected.  A  suuill  curved 
needle,  through  the  eye  of  which  the  two  ends  of  a  tine  silk  or 
horse-hair  suture  are  tlireaded,  is  passed  in  through  the  margin 
of  the  lid  close  to  and  in  front  of  tlie  root  of  the  misdirected 
eyelash.  It  is  then  brought  out  through  the  skin  in  the 
immediate  neighbourhood  of  tlie  Hd  margin.  Tlie  thread  is 
pulled  through  until  only  a  wnuill  lunp  remains.  This  loop  is 
then  made  to  sun-oimd  the  lash,  which  with  it  is  pulled  through 
the  chaouel  made  by  the  needle,  and  thus  altered  in  its  direction. 
Care  must  be  taken  not  to  pull  on  the  eyelash  ton  forcibly  wliile 
getting  the  loop  round  it,  so  as  not  to  tear  it  out  by  the  root, 
This  method  does  not  always  lead  to  the  desired  eflect  of  pro- 
ducing a  permanent  improvement  in  the  direction  of  the  eyelash; 
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indf^eil  the  effect  is  often  only  temporary.  A  more  efiicient  liul* 
operation  is  the  following. 

Destruction  of  th^  hair  follicles  with  the  actual  cautcrif,^T)^ 
175  represents  the  fonn  of  the  cautery  generally  U8«i  for  Uu* 
puqiose.  Electrolysis  has  also  been  employe^l  in  the  sww 
manner  as  for  the  removal  of  superfluous  liaLrs  elsewbi^re. 

Epilation  with  a  pair  of  cilia  forceps  is  often  all  tlmt  » 
required,  as  it  can  1m;  done  by  the  jmtient's  friends  or  eveu  hr 
the  patient  lumself,  whenever  the  lashes  bej»iji  to  grow.  X** 
infret|uently  repeated  epilation  brings  about  the  eessiilioD  of  ibr 
growth  of  the  lash  altogether. 

Operations  for  Entropion. 

in  casee  of  spasmodic  or  senile  entropion  of  the  lower  li<i, 
where  a  sutticient  improvement  is  not  obtained!  by  meftitf<if 
collodion   or  plasters,  the    inversion   of   the   lid  margin  mij 
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generally  l>e  corrected  either  by  a  thread  o|>eration  or  by  ih** 
removal  of  an  elliptical  piece  of  skin.  When  these  are  wit 
sufficient,  as  is  sometimes,  tliough  only  rarely,  the  case,  il  i* 
necessary  to  |>ei-form  a  canthoplastic  <»peration  in  addition. 

Thrmd  operation  for  spasmodic  tmtrojnon  {(Mil lard's), — A  fold 
of  skin  is  caught  up  with  a  pair  of  T-shaped  forcej>s,  or  simpW 
between  tlio  forcHnger  and  thumb.  The  size  of  the  foM  shoulil  ^■■ 
regidated  by  the  eflect  which  it  is  desired  to  produce,  but  should 
alwtiys  be  big  enough  to  give  rise  at  the  time  to  a  tiistinct  evrr- 
sion  of  the  lid  margin.  A  neevUe  threaded  with  a  jiiece  of  rfk 
or  catgut  is  then  ptissed  from  below  upwards,  thmngli  the  ^osr 
of  the  fold  of  skin,  and  at  alxmt  the  junction  of  the  middle  with 
the  inner  or  outer  third  of  the  lid.  The  needle  is  brought  oul 
through  the  skin  close  to  the  lid  margin  and  tlien  entered  agwii, 
at  a  distance  of  one-eighth  of  an  iucli  or  so  from  ito  point  of 
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i,  and  cHiried  biiek  below  the  flap,  and  finally  brought  out 
tut  quarter  of  an  inch  from  where  it  was  first  introduced.  A 
!ond  tliread  is  then  introduced  in  exactly  the  same  way,  at 
about  tile  other  end  of  the  middle  third  of  the  lid  aperture.  The 
two  bmps  thus  formed  are  tightened  by  knotting  the  euds  of  the 
bhrends  together  over  pieces  of  drainage  tubing.  If  silk  threads 
be  u»ed  they  may  generally  \y^  removed  after  two  days.  Catgut 
oneis,  on  the  other  hand,  may  l>e  left  until  they  fall  out.  In  my 
experienct>  the  former  are  preferable. 

Anotlier  thread  ojieration,  the  ett'ect  of  which  is  less  permanent, 
is  performed  an  follows: — A  sujall  portion  of  skin  near  the  lid 
margin  is  included  in  a  a\iture,  one  end  of  which  is  then  cut 
short.  Another  small  bit  of  skin,  lower  down  over  the  orbital 
nmn.Mu.  is  caught  up  with  a  thread  in  the  sauje  way,  the  one  end 
of  which,  after  being  knotted,  it?  cut  short.  By  then  knotting 
together  the  two  ends  which  have  been  left  long,  the  two 
points  of  skin  are  approximated,  with  the  result  that  a  traction 
is  brought  to  bear  on  the  inverted  mai-giu  of  the  lid.  Two 
sutures  applied  in  this  manner  are  usually  required.  This 
little  operation  is  very  favonnilily  spoken  of  by  Arlt,  but 
as  I  have  always  foimd  the  one  tirst  described  perfectly  etHcient, 
I  have  no  personal  experience  of  it. 

Exn&im.  of  a  fold  of  skhi. — When  the  skin  is  very  markedly 
redundant,  the  simplest  method  of  rectifying  the  entropion  is  to 
remove  an  elliptical  piece.  The  amount  to  be  removed  may  be 
calculated  from  tlie  effect  j)roduced  on  nipping  up  a  fold  in  the 
manner  already  described.  Three  sutures  are  afterwards  em- 
ployed to  bring  the  edges  of  the  wound  together,  and  permit  of 
hiding  by  first  intention.  Tlie  only  thing  to  take  care  of  is  not 
to  produce  too  great  an  effect  to  the  inner  side,  so  as  not  to  get 
a  permanent  eversion  of  the  punctum  lachrymale.  Sr^metimes, 
instead  of  a  horizontal  fold,  one  or  more  elliptical  portions  of 
skin  are  removed  in  a  veitic^il  direction.  Tliia  is  rarely  as 
satisfactory,  and  more  likely  to  leave  visible  ciciitrices. 

Operatmis  for  Trichiasis  ami  Cicatricial  Eniropioyi. — The 
performance  of  tliese  0{M>rations  is  grcjitly  facilitat-ed  by  the  ai<i 
of  what  is  known  as  Snellen's  clamp,  an  instrument  by  which 
the  circulation  in  the  lid  is  8topi)ed,  so  tliat  the  operator  can 
see  exactly  what  he  is  doing. — (See  Fig.  176.) 

The   mis<Lirected    eyelashes    may   be   removed,    altogether, 
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without  shortening  of  the  lid,  by  Flai^r^s  operazum,  Bv  m 
iuteriuarginal  incision  all  the  tissues  in  front  of  ihe  Uifm 
are  dissected  up  as  far  as  the  ends  of  the  hair  bulbe  of  the  cilkt 
The  lid  is  thus  split  into  two  portions  for  some  distance  frnm 
its  margin.  Tlie  anterior  flap  formed  in  tliis  way  is  \im\  rm 
away  by  an  incision  carried  through  the  skin  from  ubovR 
"Wlien  some  of  the  misdirected  eyehishes  are  cl(*e  to  ihe 
outer  canthus.  it  is  necessary  to  extend  the  marginal  imiwoo 
beyond  the  canthus  by  carrying  it  horizontally  oulwanl*  U' 
the  extent  of  a  quarter  of  un  inch  or  more,  while  the  np|«r 
incision  is  at  the  same  time  enlarged  so  as  to  meet  it  C«e 
mnst.  of  course,  he  taken  that  all  the  hair  bulbs  are  completely 
removed,  otherwise  some  of  the  cilia  will  afterwaixb  grvfW  ift 
again. 

Thia  operation,  whiiOi  was  at  one  time  veiy  much  pnu:tiMd.  vliile 
it  eiTectually  obviates  tlie  irritatiou  pro^luced  by  tl»e  turntNi-in  rr*- 
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lashe^  is  now  almost  entirely  alundancd,  on  accuimtof  the  uiuieti-UNf; 
mutilation  which  it  causes.  It  Is  generally  potk^ible  to  transplant  ibff 
portion  of  the  lid  contiiining  the  hair  bullts  in  such  a  maiiii«  u 
to  priMluce  a  ]wrmanoiit  imi>n^vempnt  in  their  direction.  Flinrt 
operation  is  only  nnitable  in  cjises  where  most  of  the  eyelache*  »» 
already  loet»  and  thoso  which  aK-  retrtined  are  briMtly  aii'l  diacolfttmJ. 
It  may  also  l»e  cunibined  with  other  methods  of  operatiou  in  ii»«» 
of  clistieliiasis,  the  itmer  row  lieing  iximoved  while  the  outer  w 
tranftjilantetl. 

Those  who  previously  attempted  the  cure  of  trichiasis  by  muovil 
of  the  tissues  containing  the  hair  Imllis  did  so  by  cutting  away  ihr 
whole  thickness  cf  the  lid.  This  not  only  produced  an  unei^J 
8hort<»ning  of  the  lid,  but  appan»ntly  often  gave  rise  to  irrititiuo 
owing  to  the  inversion  of  the  cicatrix  formed. 

Von  Gr(u/e*s  Operatum. — A  methml  of  operating  for  trichiasis 
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wbich  is  both  simple  and  etticient,  and  which  was  first  recom- 
mended by  von  Graefe  as  a  modification  of  Arlt's  operation,  is 
the  following : — After  splitting  up  the  lid  from  its  margin  into 
two  Hap6,  as  in  Flarer*s  operation,  two  incisions,  vertiwil  or 
Edightly  diverging,  are  made  from  either  extre-niity  of  the  flap 
containing  the  hair  hulbs.  and  which  is  to  be  trans]tlanl*.»*L 

These  incisions  should  extend  for  one-third  of  an  inch  upwards 
through  the  skin  and  orlncularis  muscle.  The  outer  and  iuner 
edges  of  the  skin  flap  are  then  stitched  toal>out  the  middle  of  the 
verticjil  incisions  ou  either  side,  and  the  edges  thus  c^msiderably 
raisetl  The  rest  of  the  tiap  is  raisal  )>y  the  excision  of  an 
elliptical  portion  of  skin  from  the  lid,  the  edges  of  the  wound 
cause<l  by  which  are  brought  together  by  stitches.  This  opera- 
tion is  also  verj-  suitable  for  cases  of  partial  trieliiasis.  In  bad 
cases  of  distichiasis,  von  Graefe's  operation  may  l>e  combin<Hl  with 
caiithoplasty. 

Tlie  ideji  of  transpluntiag  the  cilia  in  this  manner  seems  first  to 
have  occurre*!  t^i  Jaesche,  a  Ku^ian,  in  1844.  Jacsche's  ojM^nitinn 
consisted  in  seimratiug  ih**  lid  margin  altcgtther,  ext-ejit  at  it>*  i«ut**r 
and  inner  ends  from  the  re*«t  of  the  Hd  l>y  means  of  an  incision 
slanting  upwanls  from  the  conjunctival  to  the  skin  surface,  anil  then 
raiding  the  quatirangiiliu-  ]>i>rtinn  thus  separated,  and  with  it  the  hair 
bulbs,  by  remoWng  a  good  large  pi^^ce  of  skin  from  the  surface  of  the 
lid,  and  bringing  the  edges  of  the  wound  niaile  in  this  manner  together 
with  sutures.  This  operation  Wiis  fuund  to  Ijo  pretty  often  followed 
by  necrosis  of  the  transplanted  lid  margin,  and  was  therefore  nioilified 
by  Arlt,  who,  instead  of  entirely  8ei»aniting  tbe  marginal  portion  of 
the  lid  from  its  conjunctival  to  its  skin  surface,  subistituted  Flamr's 
incision,  dividing  it  into  un  anterior  and  posterior  flaj).  Tbe  oi>era- 
tion  performed  in  that  way  generally  g<^»e»  by  llie  name  of  the  Jnejufhe- 
Arlt  ojjeratiou  /or  tn'diia^iit^  and  is  Btill  in  use.  It  has,  however,  the 
disa<lvantrtge  that  while  it  sutficienlly  rectifies  tho  ]x>silion  of  the 
Iftdhes  at  the  centre  of  the  lid,  it  effiects  less  change  on  those  situiitod 
near  the  angles. 

Another  method  of  operating  for  trichiasis,  which  gives  very 
good  results  and  i.s  easy  of  execution,  consists  in  uniting  the 
skin  obove  the  lid  margin  to  the  upper  border  of  the  tarsal 
cartilage.  This,  which  seems  first  to  have  l)een  practised  by 
Anagncstakis.  has  recently  been  revived  by  Hotz.  Hof£» 
operation  is  performed  as  follows : — A  cut  is  made  through  the 
skin  of  the  lid  on  a  level  with  tlie  upper  border  of  the  tarsus  of 
the  upper  lid,  or  the  lower  border  of  the  tarsus  of  the  lower  lid. 
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A  layer,  3  to  4  niillimetTes  in  breadth,  of  muscular  fibres  crfw- 
lyin^  the  tarsus  is  then  excised.  The  wlgi^  nf  the  wonnd  in  th« 
skin  are  liually  brought  together  by  stit<'hes.  which  are  ptwod 
tlirough  the  upper  border  of  the  tarsus.  The  two  poiuts  to  W 
attended  to  in  onlcr  to  ensure  success  by  this  operation  areHl^ 
the  pdsition  of  the  section  in  the  skin,  which  must  UuT»upb<Mii 
be  on  u  level  with  tlie  upper  Iwrder  of  the  curtilage,  and  {'1)\^ 
proper  position  of  the  sutures,  which  must  Hmily  includr  ihr 
upper  edge  of  the  tarsus.  Hotz  claims  the  fidhiwiug  advautaen 
for  this  niethoti : — tluit  it  attiiins  the  aim  in  view  without  the 
least  shortening  of  the  skin,  and  on  this  account  may  I*  ein- 
ployed  in  cjise^  in  which,  owing  to  the  shortening  produoed  br 
previous  ojxjrations,  vtther  methotls  are  not  available ;  Uwt  it  in 
no  way  interferes  with  the  shape  or  f luiction  of  the  lid .  and. 
finally,  that  the  stretching  of  the  skin  which  restores  the  luargia 
of  the  lid  to  its  proper  position  is  the  sauie  w^hether  tlie  hd  u 
raised  or  depressed,  which  is  not  the  case  when  a  piece  of  skin 
is  excised. 

Many  other  operations  for  trichiasis  are  in  uae,  but  either  of  tli9 
methwis  ab<:)ve  duscribetl,  if  pnijtfcrly  [wrformfd,  serves  the  pixrjmii 
admirably.  Pnrst>iiall)%  I  am  in  the  habit  of  p^rfornun^  von  OiMfc'» 
wIk'u  then)  is  plenty  of  skin,  and  Ilotz's.  or  some  Ditxlification  of  % 
in  cases  where  it  is  undeaimblG  to  remove  any  skin.  The  lait^rr  «i* 
are  generally  such  in  which  »on»o  skiu  lias  previously  been  rvnwwi 
but  in  which,  owing  tu  iuatU>ntiou  to  the  other  details,  a  sulficieDtty 
permanent  effect  has  not  resulted. 

In  cases  of  entropion,  when  there  is  much  curving  of  lli* 
tarsus,  it  is  generally  advisjible  to  perform  a  dif!*e^  f'oB. 

the  object  of  whicii   is   to  rectify  as   much   iis    ^  ^ 

cicatricial  incurving.  The  operations  best  suited  for  ihi* 
purjxise  are  those  of  Streatfield  and  Snellen. 

Sf rtof/i^hra  operftlicm,  to  which  he  gave  the  name  of 
"  Grooving  of  the  fibro-cartilnge,"  is  performed  as  follom>— ! 
An  incision,  jwirallel  with  the  margin  of  the  up|H*r  lid,  and  2v 
S  millimetres  from  it,  is  ma<le  through  the  skiiL  A  soccai 
incision  is  then  ma<le  higher  up,  which  throughout  the  giwter 
part  of  its  extent  is  also  from  2  to  S  mUlimetres  separati^  from 
the  iirst,  but  joins  it  at  either  extremity.  The  portion  of  skic 
tiius  nmrked  out  is  next  removed  along  with  the  muscular  fibrM 
underl^nng  it,  and  the  tarsus  laid  bare.     The  incisions  are  theft] 
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extended  in  depth  into  the  tarsus,  being  at  the  same  time  con- 
verged towards  each  other  so  tis  to  meet  at  or  near  its  lower 
surface.  The  complete  reiaovid  of  the  wedge-sluipt'd  portioti  of 
tarsus  marked  out  in  this  way  is  tlien  elTected  by  gmsping  it  at 
one  end  with  a  pair  *>f  tine-toothed  forrepy,  and  dividing  any 
part  where  the  incisions  have  not  ijuite  met.  No  sutures  are 
need,  the  wound  being  allowed  to  cicatrize.  From  this  proceed- 
ing a  firm  deep  cicatrLx  results,  which  not  only  leads  to  a 
straightening  wi  tlie  incurved  cartiliLgi\  hut  to  a  Uicking  down 
practically  of  the  lid  margin  in  a  position  in  which  the  eyelashes 
are  more  normally  directed,  and  thus  a  permanent  improvement 
is  obtained. 

Sjiellen's  opcratum, — Snellen  has  iuiproved  considerably  on 
the  original  groo\ing  opei*ati(>n,  and  his  methiid  h4i8  nome  into 
very  general  use,  and  certainly  leads  tn  most  satisfactory  results. 
Aft-er  having  applied  thr  eutroiji<jn  forceps  or  clamp,  an  incisinu 
is  made  through  the  skin  and  muscular  lihres  overlying  the  middle 
or  most  convex  i>ortions  of  the  tarsus,  and  pirallcl  with  the  litl 
border.  A  sulticient  portion  of  the  tai-sus  is  then  laid  l)are  by 
undermining  the  e^lges,  more  especially  the  upi>er  edgn,  uf  this 
incision.  A  weilgc-shapLHl  portion  of  taraus  is  next  removed  as 
in  Streatfieltl's  operation.  After  this  has  been  done  sutures  are 
inserted  in  the  following  manner: — Three  thre^uLs  with  a  needle 
At  either  end  may  be  used.  One  needle  is  passed  deeply 
llirough  the  centre  of  the  upfier  liji  tjf  the  wound  in  tlie  tai'sus, 
then  carried  down  between  tlie  fibres  of  the  orbicularis  and  the 
lower  portion  of  the  surface  of  the  torauSj  and  brought  out 
through  the  skin  abo\c  to  tlic  margin  of  the  liiL  The  other 
needle  is  finssed  in  the  same  way  under  the  skin  and  uiuscle  a 
short  dist^ince  from  the  first,  and  brought  out  at  the  same 
dist-jince  from  the  lid  ni(»rgin,  and  aliiiiit  a  (piarter  of  an  inch  to 
the  aide  of  the  first.  The  other  two  sutures  are  applied  in  the 
same  manner  to  the  outer  and  inner  side  of  the  central  one  and 
the  ends  of  each  of  the  tliree  loops  knotted  over  pieces  of  thin 
drainage  tubing,  or,  as  Snellen  recommeuds,  glass  beads.  After 
knotting,  the  ends  are  not  cut  short,  but  turned  up  and  secured 
by  meims  of  adhesive  plaster  to  the  forehead.  No  sutures  are 
put  in  the  skin.  By  means  of  this  operation  the  rectification  f>f 
the  position  of  the  eyelashes  is  at  onee  obtained  by  a  straighten- 
ing of  the  tarsus.     The   only  point  whicli   specially  requires 
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attention  is  to  see  that  the  grooving  is  carrietl  out  throug)iuDl 
tlie  whole  extent  of  the  tarsus  Hnd  not  forgotten  at  tlie  iw 
extreinitiea  An  opwnition  which  is  essentially  a  combiMtiwn  d 
gnxivin^  of  the  tarsus  and  Hotz's  openttion  is  Urgely  prartivd 
in  Russiu,  where  cases  of  entropion  are  of  great  frvqueocy. 

Another  n^ethod  of  opemtiii^  fur  entropion  inav  he  m«- 
tioiieti.  It  consists  in  transplanting  inucons  lurrnhmne  i&U) 
the  wound  nmde  by  un  incision  at  tlie  liri  margin.  This  i<ltti 
was  introduced  by  van  Milliikgen,  and  has  lately  been  mcuLbtxl 
and  imprtived  by  Benson  {\j\dc  BritM  Mrdiral  Jounud,  Fehrnm 
7th,  1801),  who  lias  eniplnyed  il  in  a  very  large  nuinUrr  trf 
cases  witli  excellent  results.  Benson  dissects  with  forceps  and 
scissors  a  Hap  3  or  4  millimetres  wide  from  the  uiui'MB 
membrane  of  the  lower  lip,  and  after  carefully  freeing  it  <rf 
submucous  tissue  applies  it  to  the  wound  in  the  lid  nuule  by 
un  intraniurjTiiiftl  incision.  The  Hap  is  secured  in  pusitioo  br 
moans  of  six  or  seven  sutures.  The  whole  operutiuu  is  per- 
formed without  removing  Snellen's  clamps 

My  own  experience  of  this  method  of  operating  is  Uimu«l, 
but  so  fur  as  it  goes  is  quite  suflicient  t»a  satisfy  me  uf  He 
efficacy.  My  colleague,  Dr.  Argyll  Robertson,  luis  useti  \\ 
more  frerjuently,  an«l  olitained  excclleut  resulia  The  tml? 
drawbacks  which  may  be  mentioned  in  connection  with  it,  «i(i 
they  are  unimportant,  are,  that  it  ia  tedious  and  tluil  tbe 
thickening  of  the  lid  margin  which  it  sometimes  caiye 
is  rather  unsightly*  Instead  of  transplantiug  mucous  lutun- 
brane,  some  operators  have  employed  Thiersch's  metho*! 
skiD-grafting  with  equal  success. 

Canth^plaMff  is  an  operation  which  is  useful  in  casis  of 
chronic  inflammation  of  the  conjunctiva  and  cornea,  and  wliid 
may  often  advantageously  be  combined  with  operations  ftir  the 
cure  of  trichiasis  and  entropion.  Wheji  it  is  desired  fi»r  any 
purpose  to  effect  a  permanent  enlargement  of  the  lid  apcitwtv 
it  is  of  course  necessary  to  prevent  tlie  openinj;  made  in  the  ^skin 
of  the  hd  froru  healing  together  again.  This  can  genernllt  l« 
effected  by  a  simple  transposition  of  the  oonjuucliva  in  the 
following  niujnier: — <^ne  blotle  of  a  strong  |Miir  of  stnu)2hl 
strabisnniB  scissors  is  juissed  into  the  conjunctiva]  sac  at  the 
outer  canthufi,  and  made  to  push  the  tissues  in  front  of  il 
far  OS  possible.     A  firm  snip  is  then  mode  with  the 
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the  other  blade  of  which  cuts  through  the  skin,  so  that  a 
straight  wound  is  made  in  the  direction  of  prolongation  of  the 
lid  aperture.  The  wound  thus  made  at  once  gapes,  and  after 
the  bleeding  has  been  to  some  extent  stoppeil,  three  sutures 
are  applied. — (See  Fig.  177.)  The  first  unites  the  centre  of  the 
wound  in  the  conjunctiva  to  the  apex  of  the  skin  wound,  while 
the  other  two  bring  the  sides  of  the  conjunctiva  thus  dragged 
outwards  into  apposition  respectively  with  the  upper  and  lower 


Fio.  177.— (After  Wecker.) 


lips  of  the  external  wound.  In  this  manner  healing  takes  place 
between  the  conjimctiva  and  skin,  and  prevents  reunion  of  the 
divided  tissues.     No  dressing  is  required. 

This  proceeding  is  rendered  possible  by  the  looseness  of  the  con- 
junctiva which  usually  exists.  Where  a  similar  operation  is  indi- 
cated in  cases  where  the  conjunctiva  has  undergone  degenerative 
changes,  and  can  therefore  not  be  transplanted  in  this  manner,  the 
aperture  may  be  kept  open  by  transplanting  skin.     An  operation  of 
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this  kiml.  which  givw  verv  gooil  rBsnIts,  was  first  iroommrndf' 
Kuhnt.  A  flrtp  of  skin,  iho  shape  of  which  ia  showu  in  Fig.  "■ 
is  cut  from  the  upper  or  lowor  li<L  The  boee  of  thU  flap,  udc  iiMitrr 
of  till  inch  or  »o  in  breadih,  MiuuKl  Itavt^  iu  centra  in  a  liti«  vitii 
thu  IIlI  ajxTturt?.  Tlit^  flap  nhuxiM  contain  notLui^  hut  sklu.  hSSM 
it  hits  been  cut  the  enlargement  of  t}ic  aperture  mny  1>e  miutii  vit}i  ike 
srifisora  in  tlie  manner  just  tle^eribetL  The  eonjunntiva  i*  ibm 
unilorminnti  for  u  short  distunca  Alter  this  hM  boon  donf  thf  »bi 
flap  is  turneil  into  the  wound,  ftnti  il^  ouil  inserted  Iteluw  th^^  [J4^ 
jimctiva,  while  the  edg<»  of  the  skin,  from  wliirh  ihf  fla[^  hfts  >«ii 
cut.  are  brou^^ht  together  by  sutures.  An  antiseptic  dressing  i?  tb« 
applied,  and  left  unchanged  for  two  or  three  days.  It  is  lpe»tD"tto 
put  any  stitclioa  into  the  skin  flap,  hut  mendy  pusdi  it  under  theiw- 


Fro.  17B.— (Aft«r  Kuhnt.) 

junctiva  for  some  distance,  to  leave  room  for  shrinkage.     1\ 
assunicfl  more  nntl  mon*  of  the  character  of  mucnua  xndiDbnad. 


Opeiiation's  for  CoNJUNcrrvAL  Ectropion. 


Por  conjunctival  ectropion,  or  that  form  which  ia  the  : 
of    cliniuie    conjum'tivitis    iind    consequent   jKimlyBis    nf    tb*] 
palpebral   portion   of    tlie  orbicularis  muscle,  two  methods 
operating  may  tie  recommended.     These  operations  are  SueUeo' 
thrwul  operntion  and  the  excision  of  a  triangular  piece  of  sktoi 
from  the  outer  pnrt  of  the  lid.     By  these  methods,  either  sin^f  ] 
or  combined,  a  Hiitisfuctory  result  can  always  be  obtiuued. 

The  object  of  SimlUrtu  oparatum  is  lo  exert  a  traction  on 
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everted  conjunctiva,  so  that  it  becomes  permanently  inverted,  and 
thus  comes  to  occupy  a  more  normal  position.     This  he  eflects  in 
the  following  manner : — Two  strong  waxed  silk  threads  with  a 
needle  at  either  end  are  required.      The  needles  should  be  curved 
slightly  towards  their  points,  but  straight  for  the  greater  part  of 
their  length,  which  should  be  preferably  about  one  inch  and  a 
half.     One  needle  is  passed  through  the  conjunctiva  at  a  point 
rather  to  the  inner  side  of  the  middle  of  its  inner  half.     The 
point  selected  must  be  at  the  higliest  ^^«r^  of  the  everted  con- 
junctiva.     After  perforating   the    conjunctiva    it    is  directed 
forwards  so  as  to  pass  towards  the  skin  inmiediately  below  the 
border  of  the  lid.     When  it  has  reached  this,  as  can  be  felt 
with  the  finger  of  the  other  hand,  it  is  passed  downwards  below 
the  skin,  and  brought  out  as  far  down  as  possible,  an  inch  or  so 


Fia.  179- — Showing  position  of  threads  in  Snellen's  operation  before 
and  after  knotting. — (After  Fucha.) 

below  the  lid  margin.  The  second  needle  of  the  first  thread  is 
entered  in  the  same  way  a  few  millimetres  to  the  outer  side  of 
the  first,  and  brought  out  at  a  point  a  quarter  of  un  inch  or  so 
from  its  point  of  exit.  The  second  thread  is  introduced  in 
exactly  the  same  way  at  the  outer  half  of  the  everted  lid.  Two 
loops  are  thus  formed,  the  ends  of  which  are  firmly  tied 
together  over  pieces  of  drainage  tubing.  The  knotting  of  the 
threads  should  be  made  with  sufficient  firmness  to  produce  at 
the  time  a  considerable  degree  of  entropion.  According  to  the 
effect  required,  these  threads  are  allowed  to  remain  from  two  to 
four  days  before  being  removed.  In  very  luid  cases  three  threads 
may  be  used  instead  of  two,  or  the  operation  may  be  combined 
with  the  excision  of  a  triangular  piece  from  the  outer  side 
of  the  lid. 
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The  excision  of  a  piece  of  lid  in  this  situation  is  in  maar 
cases  sufiicieiit  lo  correct  the  ectropion  without  anylhinie 
further,  and  is  the  best  operation  to  perform  in  cases  where 
there  is  a  distinct  redundancy  of  the  skin  of  the  lower  lid.  Il 
is  not  ne<iessary  to  pare  the  edges  of  the  lids,  but  nierelvto 
remove  a  portion  of  the  whole  thickness  of  the  lid,  /lad  lliea 
bring  the  edges  together  with  several  sutiirea 

Two  modifications  of  Snellen's  oi>erntion  are  prartis<?il 
re8])ectively  by  Do  Wecker  and  Ai^vll  Kf>bcrUrtn.      t_»f  ■ 
have  no  experience  ;  the  second  can  certiiinly  he  relied  ujioii  u- 
diicd  thy  desired  elleci,  but  iii  moru  cymphL'at*?d  and  les??  r.*i'i'i 
action  tlian  Snellen's,  owing  to  the  threads  bein^  {lus^ietl  \\ 
cotyunctiva  at  the  bottom   of  the   fold,  between  il-   '  ■ 
uculftr  portions,  and  not  at  the  highest  point.     It  ia  ^ 
ably  more  painful  for  tlie  patient. 


Operations  for  Cicatkicial  Ectropioh. 

Much  will  depend  on  the  position  and  extent  of  the  cki- 
tricial  tissue  iu  determining  what  ofjcration  will  l»e  most  suiubk 
in  any  given  cnse.      When  tiie  ectropion  is  due  to  a  loss  *(i 
substance  which  involves  the  lid  above,  or  when  some  portic 
of  the  skin  is  tacked  dpwn  and  incorporated  with  a  deepcicatriij 
at  the  margin  of  the  orbit,  it  will  generally  lie  jxissible  U\  reciifyj 
it  by  unflermining  the  surrounding  skin  and  gliding  it  over  tl 
underlying  tissue  in  such  a  way  as  to  relieve  the  dragging  whicfc' 
C4tuses  the   eversion   of    the   conjimctiva.      The  most  suiUWe 
of  the  many  plastic  operations  for  this  purpose  is  AVLanon 
Jones'.     In  some  cases,  again,  wliero  the  loss  of  substance 
been  so  extensive  that  no  s^itisfactory  llap  is  to  lie.  got  an] 
where  near  the  eye,  a  transplanUition  from  some  otiier  |ian 
the  body  is  c^illeil  for.     Tlie  sticcess  which  almost  <  • 
attends  this  method  of  operating  cnuses  it  to  take  the  \ 
great  extent  of  plastic  operations,  which  are  consequently  iwlj 
necessary. 

Wkarion  Jonui  operation  consists  in   making  a  V-sh^wl, 
incision,  with  the  apex  directed  away  from  the  margin  of  the  lu 
and  after  freeing  the  skin  thus  marked  out  from  the  uuderlyi 
tissues,  a^  well  as  undermining  the  skin  to  either  side,  putlii 
in  sutures  so  as  to  unite  the  wound  in  the  shape  of  a  Y» 
size  of  the  V  as  well  as  the  extent  to  whicJi  the  skin  is  to  li 
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looBened  will  depend  on  the  degree  of  ectropion.  This  operation 
ifi  alw.i  usually  applicahl*?  to  uises  where  the  skin  is  tricked  down 
to  the  bone,  owing  to  a  previous  caries;  the  two  incisions  fonn- 
Uig  the  V  should  then  embrace  the  cicatrix.  It  sometimes 
happens,  however,  that  it  is  impossible  to  dissect  up  a  flap,  as 
the  cicatricial  tissues  are  so  thinned  where  they  are  adherent  to 
the  bone.  It  is  then,  as  a  rule,  better  to  cut  out  this  portion 
altogether,  and  make  up  the  deficiency  which  thus  arises  either 
by  a  more  extensive  trausposiLion  of  the  surnmuding  skin,  or  by 
means  of  a  tlap  taken  from  an  adjacent  part. 

Whou  tho  cicatrix  ia  situated  to  the  outer  aide  of  the  lower  lid, 
which  is  \\»  most  fref|uciit  sit*",  the  bcflt  operation  is  probably  that 
devised  by  Richet.  This  may  be  performed  in  the  foUowiug  way ; — 
A  curvod  incision  is  made  through  the  tiasm-fl  inimoiliately  abovo  tlio 
cicatrix,  l^egimnU)^  in  u  line  with  the  paljiubral  aperture,  and  us  far 
out  \M^  possible,  and  pas.sing  downwanls  ami  inwapls  parullel  with  the 
bonier  of  the  nrbit ;  this  incision  frecv«*  the  lid,  antl  jwnnit-a  of  tho 
reposition  of  the  crerteM  conjunctiva.  Before  proceeding  any  fiu-ther 
the  upptif  and  lower  lids  sliould  bo  brought  toj^t^lher  by  mean.s  nf  three 
horse-hair  sutures  ;  the  needles  tlireaded  with  horse-hair  are  passed 
through  the  upper  lid,  juat  at  its  mar^nn,  then  through  the  margin 
of  the  lower  lid,  back  tlirouj-h  the  lower  lid  margin,  close  to  the  first 
puncture,  and  finally  aRain  throuj^h  the  niar^n'n  of  the  upper  lid,  also 
close  \a\  where  the  needle  was  tinit  entered.  In  this  way  three  loops  are 
formed,  whicli  may  then  he  <lni.wn  pretty  tight  together,  and  which  keep 
the  lid.i  in  contact.  It  is  iui?ir-ces.>*ary  to  pare  the  margin  ctf  the  lids, 
as  is  often  done.  After  tho  lids  have  been  brought  together  in  this 
way,  and  wnie  ga]»ing  of  the  incision  left,  another  incision  is  enrried 
from  >»el(tw  the  cioilrix  to  meet  the  Hrst  at  a  point ;  the  cicatrix 
enclosed  is  then  removed.  To  fill  up  the  gap  thus  formed,  and  whi'h 
is  lettered  C  in  Fig.  l&O,  a  Hap,  A^  is  cut.  the  incisions  for  which 
are  begun  well  above  the  level  of  the  lid  aperture.  By  prolonging 
the  inner  incision  for  the  A  flap,  a  second  Hap,  B,  is  mnrketl  out, 
which  serves  to  till  the  gap  left  when  A  is  twisted  into  tlie  [xwitiou  C, 

A  moderate  degree  of  ectropion,  involving  the  outer  portion 
of  either  upper  or  lower  lid.  i«  best  treated  by  the  excision  of  a 
V-shapi'd  portion  from  tho  whole  thickneas  of  the  lids.  The 
edges  of  the  wound  thus  formed  are  then  brought  together  with 
stitchea  The  .stitches  shouhl  be  chme  together  and  deep. 
Cicatricial  ectropion  of  the  upper  lid  can  often  be  remedied 
by  means  of  a  Hap  taken  from  the  forehead. 

A  tnifiRjilantaiion  operation  for  ectropion,  or  the  grafting  of 
a  large  piece  of  skin  taken  from  some  other  part  of  the  body, 
42 
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iH  in  many  cases  the  most  RuitJiblo.  When  proper  precautioas 
are  taken  the  graft  always  t^ikes.  Snhsequent  c^jntractton  of 
the  transplanted  skin  may»  however,  to  some  ext*mt  interfere 
with  the  perfection  of  the  ultimate  result,  ao  that  not  infre- 
quently in  bad  cases  a  second  operation  of  a  similar  nature  is 
required,  liefore  proceeding  to  remove  the  piece  of  skin  lo  ^le 
grafted,  which  may  be  taken  from  any  part  of  the  body — tDo«t 

conveniiMitly    i\B    a    rule 
from  the  upper  ano — an 
incision  should   be  made< 
immediately    below     the 
Uirder  of   the   upper  lid, 
and  a  flap  formed,  coo- 
taining  conjunctiva,  tar- 
sus, and  muscle,  of  sucb 
an  extent   as   to   |)ennit 
of    the    ectropion    Winj? 
i-eadily   reduced   wtlboul 
the     least    dro^ng    atj 
any   point.      Tlie    upper' 
and  lower  lids  are   then 
brought  together,  withauft^ 
paring  their  margins,  by 
loop  sutures  of  bnrse-lmir, 
A   pad   of    cotton   wool,i 
which    has    been    dip(«d 
in     corrosive     sublimate 
stdutioD,   is   then    placed  | 
on  tlie  woun<l.  n\v\  kept 
in    position    by   a    light 
bandage   until    the    akin ; 
graft  is  ready.     In  imt-l 
ting  the  graft  it  is  faetterJ 
I  think,  not  to  take  too  mucli  trouble  by  attempting  to  remorej 
it  without  fat.  as  the  fat  cau  very  easUy  be  removed,  with 
greater  rapidity  and  less  damage  to  the  vitality  of  the  tb^ 
after  it  has  been   cut.     Tlie   portion   of  skin    taken   should, 
besides  being  depiived  of  all  subjacent  fat,  l»e  at  least  half 
as  large  again  us  the  wound  into  which  it  is  to  be  grm/IUML 
When  the  wound  is  very  large,  two  elliptical  pieces  may  be< 
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LakeiL  It  should  be  transferred  aa  soon  as  possible  into  the 
pisition  it  has  to  occupy.  Aa  union  takes  place  principally 
by  the  opposed  ilat  surfaces,  a  great  uuuiber  of  stitches  are 
not  necfasary,  A  few,  however,  should  be  introduced  to  keep 
the  j^ft  in  position,  and  for  this  purpose  three  at  least  are 
required — one  at  each  end,  and  one  at  the  centre  of  its 
uppermost  portion ;  in  tlie  lower  lid.  therefore,  attaching 
it  to  the  margin  of  the  lid,  in  the  upper  lid  to  the  skin. 
Before  applying  any  dressing  the  skin  graft  shoidd  be  raised, 
and  the  wound  syringed  or  washed  with  boracic  lotion,  and 
all  bleeding  stopped  The  gnift  shoiild  then  be  carefully 
applied  to  the  raw  surface  htilow.  T\\v  following  dressing 
may  be  recommended: — Immediately  over  the  graft  is  placed 
a  piece  of  muslin  smeared  with  iodofiinii  ointment,  over  this 
a  pad  of  cotton  wool  dipped  in  coirosive  sublimate  solu- 
tion, and  this  again  covered  with  a  considerable  quantity  of 
dry  cotton  wool,  the  whole  l:M?ing  kept  down  by  means  of  a 
flannel  or  demet  bandage.  The  dressing  should  not  be  changed 
for  two  or  three  days,  and  it  is  to  avoid  any  difficulty  in 
changing  that  it  is  advisable  to  have  ointment  next  the  graft, 
while  the  cotton  wool  and  bandage  secure  the  necessary  im- 
mobility. The  subsequent  dressings  do  not  require  to  be  so 
carefully  applied. 

Operations  foe  l*tosia 

An  operation,  the  object  of  which  is  to  permit  of  the  jnw- 
aibility  of  raising  a  drooping  lid,  must  of  course  be  performed  in 
such  a  manner  as  to  interfere  as  little  ;is  |>ossiblc  with  tl»e  power 
of  closing  the  lid.  Removal  of  an  elliptical  fold  of  sknn  from 
the  lid  c«n  consequently  only  be  employed  in  cases  where  the 
ptosis  is  of  moiierate  degree,  and  where  there  is  a  redundancy  of 
flkin»  or  at  all  events  the  amount  of  effect  produced  must  be 
carefully  rt^lated  to  admit  of  a  sutticient  degree  of  closing. 
In  most  cases  one  of  tlie  tliree  operations  about  to  be  described 
will  be  found  more  suitable.  The  two  first  of  these  may  be 
combined  with  the  removal  of  skin  to  an  extent  suited  to  the 
requirements  of  any  particular  case. 

Dntnsart's  thread  aperaHoii^  the  object  of  which  is  to  bring 
the  occipito-frontalis  muscle   to  act  on  the  lid  through  the 
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medium  of  cicatricial  Uinds,  is  performed  as  follows : — One  ewl 
of  a  throjtd  is  passed  holow  the  skin  from  just  above  the  upper 
border  of  the  tarsus  to  u  few  millimetres  above  the  eyebI>3w.lb<^ 
other  end  is  carried  in  a  similar  manner  parallel  with  the  tint 
Similarly  situated  loops  are  introduced  to  either  side  of  this*  'iflft 
these  are  then  all  knotted  tightly  over  pieces  of  druiuage  ttiUnfi: 
the  lid  being  thereby  raised  to  an  extent  rather  greater  than  it 
Is  desired  to  obtain  permanently.  The  knots  are  tigbu-jwd 
alwve  from  time  to  time,  until  the  ihremls  have-  idcemle*!  thei: 
way  thronjith  the  tracks  along  which  they  were  passed.  Ito 
operation  is  suitable  for  coses  of  incomplete  ptosis,  but  isrsllitf 
severe,  as  it  is  followed  by  a  prolonged  and  ])ainful  swelling. 

Evcrif^vsch's  Opendion. — Where  there  is  any  indepcmlot 
power  of  tlie  levator  palpebrne,  another  operation,  the  priudple 
of  wluch  is  also  to  produce  a  shortening  of  its  tendiiwu* 
attachment  to  the  tarsus,  may  be  tried.  Such  a  method  of 
operating  was  recommended  some  years  ago  by  Eversbusch.  and 
it  is  by  far  the  most  satisfactory  treatment  of  congeuiul  pto«i«. 
when  not  complete.  I  have  performed  this  operation  in  more 
than  a  dozen  cases,  and  have  usually  succeede<i  in  effeciinp  a 
considerable  improvement.  An  incision  occupying  tht  whuU* 
breadth  of  the  lid,  as  far  as  the  clamp  renders  possible,  is  mmk 
in  u  horizontal  direction,  and  e^jnidistant  between  the  litl 
margin  and  the  eyebrow.  Tlie  tissues  are  then  dissect***!  up 
or  separated  with  the  end  of  the  liandle  of  the  bistoury  to  Uw 
extent  of  about  a  quarter  of  ;in  inch,  so  as  to  expose  Ujc  ctT- 
nective  tissue,  which  springs  forw^ards  and  is  readily  recogiasei 
At  the  Bfirac  time  the  lower  border  of  the  incision  may  b« 
slightly  undermined.  A  strong  piece  of  catgtit  with  a  c 
needle  at  either  end  is  then  taken ;  the  one  needle  is 
into  this  tendinous  tissue  as  far  up  as  possible,  and  brougbt 
out  again  a  few  inillimeti-es  fi'om  the  point  at  which  il  vas 
introduce<I.  Both  needles  are  then  passeil  piriJIel  to  each 
other,  an(i  at  two  or  three  millimetres  distance  apjirt.  or  there- 
about, below  t!ie  skin  and  muscle  of  the  lower  portion  of  llw 
lid,  along  the  surface  of  the  tJirsus,  and  bi"onght  out  at  the  frw 
margin  of  the  lid.  Similar  loops  are  next  passed  to  the  inuer 
and  outer  sides  of  this  central  one.  After  this  has  been  done 
the  clamp  is  removed,  the  bleeding  stopped  to  some  extent. 
and  the  wound  in  the  skin  brought  together  with  stitches.    lu 
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the  worst  cases  a  piece  of  skin  may  be  removed  before  doing 
th]&  Finallj,  the  loops  are  knotted  along  the  margin  of  the 
lid.  Eversbusch  recommends  the  use  of  glass  beads  slipped 
over  the  two  ends  of  the  thread  before  knotting,  so  as  to 
prevent  their  cutting  too  deeply  into  the  lid  margin,  but  this 
is  not  necessaiy  when  catgut  is  used.  After  the  completion 
of  the  operation  both  eyes  should  be  bandaged,  and  kept  so  for 
several  days,  the  bandage  being  changed  each  day.  What 
actually  takes  place  as  a  result  of  this  proceeding  is  that  the 
tendinous  attachment  of  the  levator  is  doubled  down  over  the 


Fio.  181. 


Fig.  182. 


tarsus,  where  it  forms  fresh  adhesions.  Figs.  181  and  182,  taken 
from  Eversbusch's  drawings,  show  one  of  the  loops  before  and 
after  it  is  knotted  at  the  lid  margin. 

Snellen  recommends  a  thread  operation,  by  which  the 
shortening  of  the  tendon  of  the  levator  may  be  effected  without 
cutting  down  upon  it.  Two  or  three  parallel  threads  are 
carried  by  needles  entered  through  the  skin  just  above  the 
tarsus,  and  passed  below  the  mucous  membrane  as  far  up  as 
possible,  whence  they  are  carried  forward  to  underneath  the 
skin  near  the  eyebrow,  and,  finally,  after  being  passed  below 
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the  akin  of  the  lid,  are  brought  out  at  their  points  of  entnni£ 
The  two  ends  of  each  loop  are  then  knotted  together,  enclfisiiig, 
amongAt  other  tissues,  the  tendon  whicii  it  is  de^sired  W 
shorten.  I  have  performed  this  operation  in  six  cases,  and 
though  it  has  led  to  some  improvements,  it  has  not  io  tnjr 
hands  proved  as  successful  as  the  more  radical  oporation  br 
Eversbusch's  method. 

In  some  cases  of  congenital  ptosis  tliere  appears  t<i    !■  ■ 
levator  muscle  at  all.  or  it  exists  only  in  a  very  rmliunnt-ii} 


Fio.  188.— (After  Pmuui.) 

condition.  In  sucl^  cases,  and  in  sufficiently  Inng-standing 
cases  of  complete  paralytic  ptosis,  where  an  operation  m*y  be 
deainible,  that  recommended  by  Paiias  secuis  to  offer  the  bcsl 
chance  of  a  successful  result. 

Panaa*  operation  is  ])erformed  in  the  following  manner:— 
An  assistant  applies  his  hand  to  the  patient's  forehead  l*J 
prevent  the  dra.wing  down  of  the  skin  of  the  lid,  by  which 
the  natural  arrangement  of  the  tissues  would  be  interfivei 
with,  and  the  necessary  incisions  could   not   be    made  witi 
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BDtlicieut  precision.  The  operator  then  begins  an  incision  along 
the  line  of  the  upper  boiiler  of  tlie  tareius.  Tlie  ijicision  is, 
however,  not  continued  along  the  wliole  hne,  but,  beginning 
immediately  over  one  cjintluia,  and  leaving  a  central  portion 
of  u  third  of  an  inch  uncut,  ends  at  a  similar  point  above  the 
other  cauthus.  A  second  horizontal  incision,  with  a  slight 
ciinvexity  upwards  and  not  quite  an  inch  in  length,  is  made  in 
the  position  of  the  fold  separating  the  eyebrow  and  lid,  and 
therefore  just  about  over  the  orbited  margin.  Tlua  second 
incision  must  pass  through  all  the  tissues  down  to  the 
periosteum.     It  is  then  joined  by  mejina  of  two  short  vertical 


Fio.  184.— (After  PlutM.^ 

incisions  with  the  inner  extremity  of  the  external  portion  and 
outer  extremity  of  the  internal  portion  of  the  lower  incision. 
Yet  another  incision  is  made  pai-allel  to  the  second,  and  some- 
what more  than  one  inch  in  length,  along  the  upper  border  of 
the  eyebrow,  and  deep  enough  to  extend  to  the  periosteum. 
The  little  peninsula  of  skin  and  nn;scle  marked  out  by  the 
niidiUe  and  lower  horizontal  and  the  two  vertical  incisions  is 
next  dissected  free  from  the  tarsus  down  to  its  ciliary  border, 
care  l>eing  taken  not  to  interfere  with  the  suspensory  ligament 
of  the  lid.  Tlie  bridge  l)etween  the  middle  and  upp<M'  incisions 
is   then   undermined,  in   doing   wliich    any  wounding  of   the 
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periosteum  or  suspensory  ligament  must  be  avoided    VTiirc 
this  lui8  Iwen  done,  the  dissected  flap  is  pressed  up  unilt^rinrAtb 
the  underoiineil  bridge,  and  attache<l  by  three  suture-*  to  ihi- 
upper  edge  of  the  upper  incision.     Pauas'  operation  rv> 
a  raising  of  the  tarsal  portion  of  the  lid.  and  at  tlie  sain 
admits    of    the    occipito-frontalis    muscle   to  a  grwl  cxti-nl 
assuming  tlio  function  of  tJie  absent  or  paralysed  le%'alor.    The 
disfigurement  caused  by  this  operation  is  also  extreniely  sligLl 
while  it  in  no  way  interferes  with  the  closing  of  the  bi   I 
have  only  had  occasion  to  perform  this  operatiou  twice,  but  am 
satisfied  as  to  its  efficiency. 

Operations  for  Symblkpharon. 

The  wound  left  after  the  detachment  of  the  cicatricLil  tiasit, 
by  which  the  lid  has  been  rendered  adherent  to  the  eye,  luaj 
be  covered  in  different  ways.  The  method  of  opemtion  to  he 
selectcil  in  any  particular  case  will  depend  on  the  extent  of  Ihii 
denuded  surface,  as  well  as  on  the  condition  of  the  surrounding 
conjunctiva. 

Where  the  cicatricial  Imnd  is  small  and  the  rest  of  the  c««- 
junctiva  healthy,  the  loss  of  substance  may  be  maije  good  by» 
triinsp>sition  or  glissement  of  the  adjoiidng  conjunctiva    The 
band  of  cicatricial  tissue  is  gi'asped  firmly  with  a  pair  of  fixBtian 
forceps,  and  put  on  \.\\k\  stretcli.     Its  attichment  to  the  comci 
is  then  carefully  dissected  olJ'  with  a  small  bistoury,  and  lb* 
freeing  of  the  lid  completed  by  snipping  the  other  attm^hmenu 
with  scLssora.     The  conjunctiva  to  either  side  is  next  uuder- 
mined  to  an  extent  which  j>erniits  of  the  edges  being  rwnlilj 
brought  together  by  sutures.     The  stitchijig  should  be  carefttlh 
j>erfonued,  and   as   muuy  stitches  as  possible  iisetl,  particuki 
attention  being  paid  tn  the  covering  of  the  lowest  part.     Whw* 
the  cicatricial  baud  is  of  some  size,  it  may  Iw  turned  back  anJ 
made  use  of  as  a  jjartial  covering  for  tlie  raw  surface  of  U» 
inner  side  of  the  lid.     This  may  Iw  dono  by  a  loop-stitcb  juisspd 
through  its  apex,  then  through  the  thickness  of  the  lid.  on  die 
skin  surface  of  which  it  is  tied  over  a  piece  of  drainage  tubing. 
This  latter  proceeding  is  seldom  of  much  use ;  it  is  genemllj' 
iHitter  after  cutting  away  the  redundant  cicatricial  tissue  to  wly 
on  tlie  frequent  use  of  oil  during  the  cicatrisation  of  the  UdL 
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Another  operation  which  is  suited  to  the  same  class  of  cases, 
and  by  whicli  |x?rhup8  a  rather  large  defect  can  be  covered,  is 
Teale's  iransplnntfdion  operation.  By  this  operation  two  flaps 
of  conjunctiva  are  taken  from  either  side,  one  of  which  is  used 
for  covering  the  inner  surface  of  the  lid,  while  the  other  serves 
as  a  covering  for  the  eye.  Tlie  daps  are  cut  as  represented  in 
Fig.  185,  which  is  copied  from  a  dmwing  in  Mr.  Swanzy's 
HajuJbitok  of  Eye  Dist'/tarji,  altered  from  his  original  one  by  Mr. 
Teale  himself. 

The  complete  tmnsplantation,  or  gniftlng  of  mucoiis  rnem* 
hrane,  has  lately  taken  the  phice  of  (.»ther  operations  for  symble- 
pharon.  Such  a  methoil  of  operating  is  certainly  applicable  to 
cases  which  woidd  otherwise  not  admit  of  iuteifcreuce.  The 
mucous  membrane  may  be  conveniently  taken  from  the  mouth, 


Fig.  185. 

and  should  be  half  as  large  again  as  the  defect  which  it  is  to 
cover,  and  devoid  of  any  submucous  tissue.  Owing  to  the 
tendency  which  it  has  to  curl  up,  it  is  imjwssible  to  get  it  into 
good  position  without  the  use  of  a  nundwr  of  stitc.lies.  In  onicr, 
loo,  to  ensure  its  applying  itself  to  the  wound  throughout,  it  is 
well  t-o  put  in  one  or  two  loop-stitches  as  well  at  the  fornix, 
which  are  brought  through  the  subsUmce  of  the  lid  and  tied  at 
the  outside.  The  graft  should  not  be  definitely  fixed  uutU  all 
bleeding  has  stopped;  it  is  therefore  best  to  begin  witli  llie 
stitches  tliat  attach  it  to  the  lid. 

When  tliere  is  a  redundancy  of  skin  in  the  lower  lid,  a  piece 
i.»f  skin  from  this  situation  may  be  conveniently  used  instead  of 
mucous  membrane,  the  chanicter  of  which  it  to  a  gnait  extent 
slowly  acquires.  It  is  much  more  easily  fixed  in  position,  and 
doee  not  require  so  many  stitchea    Snellen  has  recently  recom- 
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meiidwl  an  operation  for  bad  cases  of  symblepharon,  which 
consists  in  clothing  the  inner  raw  surface  of  tlie  lit!,  after  \\  bw 
Wen  detached  from  the  eye,  with  a  tiap  of  skin  dissected  fntm 
the  temple  in  the  immediate  ncighlMnirhood  of  the  oulei  ande 
of  the  lids.  After  cuttuig  the  elongated  flap,  an  opeuing;  » 
made  below  its  base  into  the  conjunctival  sac.  The  skin  U 
then  pushed  through  this  opening,  so  that  its  raw  surface  wnx* 
to  lie  against  that  of  the  detached  lid,  and  stitches  are  inlnv 
duced  to  maintain  it  in  this  position.  I  liave  performed  this 
operation  several  times,  and  obtained  very  satisfactory  rtsolu 

Operations  on  the  pakts  connected  with  the  SKCBEnos 
AND  Excretion  of  the  Tkakb. 


Esocmon  of  the  Larhr^/mal  OfawJ. — An  incision  is  mtuU  in  the 
skin,  ovlt  and  in  line  with  the  upper  and  outer  margin  of  the  nriiiu 
immediately  Iwlow  the  eyebrow,  and  ex»^nded  in  depth  until  the  brpw- 
trophied  inland  or  tumour  comes  into  view.  The  edges  of  the  wowl* 
thus  made  arc  held  npart  with  hooka  by  an  assistant,  and  the  ^ud 
drawn  forward  by  meims  of  another  sharp  hook  and  carefully  di»Ktld 
out  as  far  as  possible.  When  this  incision  does  not  afford  sofficiort 
n>otii  tor  the  removal  of  the  gland,  a  larger  opening  may  be  got  W 
diviilinj^j  tlip.  outer  cfluthus  by  raeans  of  a  horizontal  incision,  cwriwl 
far  tjjiougli  to  meet  the  other  at  a  point.  This,  which  was  firel  ffoom- 
meiidod  by  Lawrence,  is  preferable  to  ejctending  the  incision  inwmli, 
as  that  would  endanger  the  force  of  opening  of  the  lid  by  istcrfenng 
too  nmoh  with  its  Buspeusory  ligament. 

Bowman'»  Operation  for  FiMula  of  the  Larhrt/mal  Gland. — ^Tktj 
object  of  this  opGratii>u  is  to  establish  a  fistula  on  the  conjunctinl 
surface,  and  thuR  permit  of  the  ojiening  in  the  skin  being  permanrntly 
doped.     A  silk  threa<i  armed  witli  a  needle  at  either  end  is  used.    Tlw 
fii-st  noodle  is  pti^^ed  into  the  listulous  opening,  carried  up  it  forasbott, 
distance,  ami  thfii  made  to  pierce  the  tarsus  and  conjunctiva, 
thread  is  then  ih-awii  out  at  the  inner  surface  of  the  lid.     The  ot 
needle  is  intifHliicod  in  the  same  way,  hut  brought  out  about  qu»rtw 
of  an  inch  from  the  tiret  and  a  little  nearer  the  lid  margin.     The  tw» 
ends  are  then  secured  by  being  plastered  to  the  skin  to  the  outer 
of  the  palpebral  ai)erture.     They  are  left  in  this  ]>osition  for  t«n  »U3 
or  a  fortnight,  after  which  the  external  opening  is  closeil  by  p»nngj 
Its  edges  and  stitching. 

SlUtin*j  the  CanaliculL — This  little  operation  was  fireS 
practised  by  Bowman,  and  is  now  always  perfonned  with  thi 
narrow  probe-pointed  knife  inti*oducod  by  Weber, 
probe-pointed  end  of   the  knife  is  inserted  into  the  pnncl 
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lachrymale  (see  Fig.  186).  Tlie  skin,  and  through  it  the  inner 
portion  of  the  lid  margin,  is  then  put  on  the  stretch  with  the 
thumb  of  the  hand,  can*  being  taken  U)  neitlier  invert  or  evert 
the  lid  to  any  extent.  After  this  has  been  done,  the  knife  is 
brought  into  such  a  p^isition  as  to  be  in  a  line  with  the  canali- 
culus as  far  as  possible,  whilst  its  cutting  edge  is  directed 
upwards  and  slightly  iuwarda  It  is  then  passed  along  the 
canaliculus  till  its  point  touches  the  inner  wall  of  the  sac  and 
presses  it  against  the  nose.  A  quick  movement  round  tliis  point 
as  centre  is  then  given  to  it,  upwards  if  the  lower  caualiculus 


FiQ.  186. 


is  being  slit,  and  duwnwards  in  the  case  of  the  upper  canaliculus. 
In  this  way  the  narrow  bridge  forming  the  roof  or  the  lloor  of 
the  canaliculus  is  severed  up  to  its  entrance  into  the  sac.  If 
the  slitting  is  performed  for  diieryocystitis,  the  knife  should 
be  passed  on  into  the  sac,  and,  with  the  i;utting  (nlgi*  directetl 
ards,  a  slight  sawing  movement  made.  The  slit  canali- 
culus shows  very  little  tendency  Ln  heul  up,  aa  union  takes 
place  between  the  skin  and  nincuus  menibraue  to  either  side  of 
the  cut.  It  is  advisable,  however,  to  pass  a  probe  along  it  after 
twenty-four  hours,  so  as  to  ensure  its  remaining  jwifcent.     When 
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probing  of  the  duct  is  necessary,  its  direction,  as  expl 
Fig.  19,  must  be  borne  in  mind. 

Extirjyafifm  nf  the  Lathrjfnial  Sac  is  by  no  means  An  easy  opentioi, 
owinj;  to  tho  deep  position  occujiied  by  the  niiicoiu  tuembratif  »hidi 
ha«  to  l>e  reniovefl,  and   the   j?reat  vasoiilwity   of  the  parta.    Tie 
incifciion  made  lhr<t\is;h  the  akin  in  the  line  of  the  sac  shotdd  W  «ft- 
ciently  long  to  enahlc  one  t/t  grt  well  at  the  aac  ;  it  may  theref<jw  b 
carried  down  as  far  as  required  for  the  purpose.      When  iho  nrncou* 
membrane   is  exposal,   the  lips  of  the  external    wound  should  fe 
forcihly  held  aside  with  sharp  hooks.     The  mucons  membrane  is  Uas 
Bcizeil  with  u  pair  of  toothed  forceps,  and  ile  removal  begun  bt  ijk 
©ecting  it  away  from  the  overlying  tissues.      Often  it  i»  so  soft  ihiiit 
can  only  be  got  away  piece-meal,  and  then  gives  more  difficulty  oviag 
to  the  bleeding.     A  catgut  dmin  and  a  good  tinu  pad  and  bandof^  uc 
afterwards  ap]died. 

De.struGtion  of  the  lachrymal  sac  with  the  thcrmocaatery  na^  k 
perfonued  in  the  same  way.  It  is  best,  when  ptissible,  to  pu»  4  JwAi 
into  the  sac  from  above  before  making  the  incision,  which  neofl  DOtfct 
quite  BO  long  as  for  extirpation.  Tiu'  probe  also  serves  as  n  gtiiJ*  to 
the  extent  of  the  cauterising  require*!,  I  have  found  a  fine  cuntd 
platinum  ]>oint,  such  as  that  used  for  septic  ulcers  of  the  conum,  tbs 
most  suitable. 


OPERATION'S   ON  THE  CONJCXCTIVA. 

Operation,  for  Pterygium, — The  pterygium  is  seized  with  t 
pair  of  foi-ceps  held  in  the  one  hand,  and  the  portion  adhemU 
to  tlie  cornea  carefully  dissected  otV  with  a  small  bistoury  or 
Sicher.H  knife.     Whe u  tliis  is  done  an  incision  is  made  fn>m  the 
comeo-scleral  margin  at  the  tipper  edge  of  the  pterj-gium  with 
a  pair  of  straight  scissors,  in  the  direction  of  and  exl- 
the  centre  of  its  ba»e.     A  simihir  snip  is  nmde  from  i:. 
margin  of  the  pterygium  at  the  border  of  the  cornea,  ujeet-l 
ing   the   first  at   a  point.     In   this   manner  a  lozenge-shsi 
piece    is    removed.      Then     there   remains   a    raw    surfaie 
the  conjunctiva,  which  is  to  l>e  covered  by  undermining 
conjunctiva  above  and   lieliiw,  and  dmwing  it  together 
stitches. 

The  operaiion  of  Peritomy  or  SyTidtetomy  is  perfonued 
fixation  forceps  and  ji  pair  of  scissors,  a  portion  of  the  conjunrtiAT 
immediately  surrounding  the  cornea,  a  quarter  of  an  inch  or 
in  Breadth,  being  seized  with  the  forceps,  and  anii»petl  off  wil 
the  scissors  as  close  as  possible  to  the  cornea.     The  luiud-sha] 
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portion  thus  removevl  may  extend  all  round  the  cornea,  or  only 
in  part,  the  latter  being  in  moat  cases  suflicient. 

Opbkations  on  the  Counea. 

OperatioTis  for  Corneal  Staphylmna. — When  a  partial  staphy- 
loma of  the  cornea  becomes  unsightly,  it  may  he  reduced  in  size 
by  the  following  simjile  opemtiou.  A  cataract  needle  is  intro- 
duce! tlirough  its  base,  and  held  in  one  hand.  An  elliptical 
piece  of  the  cicatricial  tissue  of  which  llie  staphyloma  is  com- 
pi>sed  is  then  cut  out  l)y  making  one  incision  at  t!ie  one  side  of 
the  needle  with  a  narrow  catjiract  knife,  and  another  from  the 
other  side  converging  towards  the  first,  and  in  such  a  manner 
that  the  portion  held  by  the  needle,  and  consequently  the 
needle  itself,  is  cut  out.  This  can  be  done  very  ciuickly. 
Antiseptic  precautions  should  l>e  taken  and  a  firm  bandage 
applied. 

In  caecs  of  more  complete  stupliyioiua,  attcmptd  Lnvi<  been 
made   to  retain  a  better   slump  by  covering    up  the  wound  result- 


Fiu.  137.— (A/t«r  Wcoker.) 

ing  from  the  ren»oval  of  the  protruding  cicatricial  tissue  which 
takeit  the  place  of  the  coniea.  Inasmuch,  liowever,  as  if  inflam- 
mation he  set  up  tliore.  is  oonsidiiral)!^  risk  of  sympathetic  ophthal- 
mitis, it  is  rarely  ailvisablo  to  attempt  an  operation  of  thitf  kind. 
Critchctt  was  the  tir«t  to  recognise  the  importance  of  closing  up 
the  wound,  and  this  he  did  by  in.sorting  a  numbt-r  of  deep  stitcht\s 
lUgli  the  sclera  befure  removing  the  staphyloma.  The  needles 
sre  entered  throvigh  tlie  sclera  aliovo  the  protrusion,  oarritMl  under- 
neath it,  and  brought  out  again  through  the  sclera  below  it.  The 
»utun*8  could  then  he  dra^vn  through  and  tied  aa  soon  aa  tlie  corneal 
cioatricitd  tisane  woj?  removed.  This  methotl  of  opemting  was  after- 
wanU  modittetl  by  Knapp,  who  used  conjunctival  sutures  instead  of 
scleral  ones.     More  recently  the  following  operation  has  been  reoom- 
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mended  by  Wccker,  and  is  pmbably  the  befit  nf  its  kiiiiL 
removing  the  st-aphylomatous  protruMon,  the  conjiuictiva  and  ra^ 
junctival  tiswue  surroiinrUng  tho  comoa  is  freely  umJermiueti  f«r  »«a 
distance.     A  Blrong  sulun-  is  theu  run  through  this  Iix>h'uM  liswif  ji 
a  distance  of  a  (Hiarter  of  an  inch  or  so  from  the  corneal  mai)^  9^ 
with  not  more  tlian  a  tiuarter  of  an  inch  intervt-niiig  holwwii  t*)! 
puncture  inmle  by  tlie  needle  until  the  other  end  of  llit  tlin--»«i  » 
brought  out  near  to  the  Hrst  puncture.     The  protruwion  is  tK  : 
by  tranetixing   it  through   the  middle,  and   cutting   outwiii 
seizing  the  en<i  of  the  flap  thus  formed  and  reraoWnp  the  :    ■ 
acissors.     A%  soon  as  this  has  been  done  the  two  ends  of  the  ouu^'- 
suture  are  dniwn  togetlier  and  firmly  knotted  (see  Fig.  1 87).    Tl»  *€«* 
of  this  is  to  draw  the  conjunctiva  over  the  wound,  and  thus  prrT«ot 
the  esimpe  of  the  vitreous  ;  the  lens  generully  escajit-i!  with  Uie  remon! 
of  the  jirotrtision  ;  if  it  doea  not,  the  eapetule  may  he  scratchad  w  m 
to  permit  of  ita  escape.     It  is  of  the  Aitmost  importance  that  ttnli«]4it 
precautions  should  l>e  taken  in  this  operation.     The  thread  mayte 
allowed  to  remain  for  a  week  at  least.     If  it  cuts  through  nt  anr  i<rt, 
a  freeh  stitch  may  be  used  for  bringing  the  coujunctiva  together  wtww 
this  tiikea  place. 

The  most  suiUible  operation  for  cases  of  complete  stapby- 
luuitt  is  evisceration  of  the  globe  (see  page  703). 

TaUoohig  of  ih-  Cvrncn. — In  cases  of  dense  leucoma  i*-ithow 
8ta]>hyloma  the  api>earauce  of  the  cornea  may  be  improved  h^ 
tattooing.     The  same  proceeding  may  als*^  be  employed  for  ii» 
impi'ovement  of  vision  which  is  often  greatly  iuterferal  with 
by  a  Kinaller  nebnla  covering  the  pupil  metro  or  leas  complcklj. 
If  the  pu])il  be  completely  covered,  this  may  he  combineii  with 
the  f(irumtitni  4if  an  artificial  pupil  where  there  is  enough  clear 
cornea  surmunding  tlie  nebidn.     If  on  the  other  hand  aportii*, 
even  a  wmall  portion,  of  the  jtupil  remains  uncovered,  tall«>oiiuj 
alone  is  likely  to  be  sutlicieut.     Tattooing  is  best  perfonaad 
with  a  numl^er  of  sewing  needles  held  together,  either  in  a 
special    holder  or  by  l)eing   embedded    in   sealing-wax.    IVf 
points  of  the  needles  shoidd  be  all  on  the  same  level    After 
the  cornea  has  been  rendered  insensitive  by  means  of  cocaine, 
some  Cliinese  ink  rubl>ed  down  in  water  into  a  thin  paste  i& 
applied  vdili  a  camel's-hair  brush  in  as  tliick  a  layer  as  possihk 
to  the  surface  of  the  leucoma,  and  dabbed  into  it  by  r«peatel 
stabs  with  the  bundle  nf  needlea     Some  operators  use  a  singld 
grooved   needle    which    they   insert    very   obliquely   into 
cicatrised  cornea.     In   any  case   the  pricks    should    be 
obliiiuely  and  not  perpendicular  to  the  surface.     WTien 
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tattooing  is  performed  for  a  siuall  central  nebula,  it  is  better  to 
use  the  uee<lles  hrat,  und  afterwards  rub  in  the  ink.  In  this 
way  it  is  possible  to  make  the  edges  of  the  staining  coincide 
with  those  of  the  nebula.  The  eye  must  be  steadied  all  the 
while  as  far  as  possible  with  the  finger,  not  fixeil  with  forceps, 
aa  tlie  ink,  getting  into  the  wound  made  by  the  teeth,  would 
Iciave  a  stain.  .After  tJie  stabbing  pnjcefis  has  lieen  reptyited 
a  good  many  times,  with  the  addition  wlien  neceesar}'  of  fresh 
ink.  the  excess  is  washed  away  with  some  corrosive  sublimate 
lotion.  The  necfissary  degi'ce  of  blackness  may  be  obtained  at 
one  sitting;  but  it  is  better  to  repent  the  process  once 
or  twice. 

0/ttmt(ion  of  tranjt/^tantijvj  dear  Cornea. — The  numerous  attemptfi 
whicli  have  been  made  to  graft  portions  of  dear  cornea  so  09  to  take 
the  jHJsition  of  the  iu transparent  cicatricial  tissue  constituting  the 
leucoinn  have  Ikiou  all  more  or  less  unsuccessful,  owing  to  the  loss 
of  transparency,  which  sooner  or  later  befalls  the  graft  even  whore 
it  bos  retained  its  vitality.  Von  Hippel  has  recoinuionded  uu  opera- 
tion which,  iu  his  hands,  apjicars  to  have  been  attended  by  a  very 
uicourugiiig  degree  of  success.  The  prmciple  of  this  ojM?ratiou  is  t<» 
remove  by  moans  of  a  trephine  a  circular  portion  of  tho  loncoma, 
leaving,  however,  the  [wstcrior  elastic  lamina  of  the  cnmea  intact. 
Tliis  appears  to  he  an  essential  element  in  the  pnx^ess  of  the  o|)era- 
tion,  and  von  Ilippel  was  led  to  adopt  it  in  consequence  of  the  rx'Sidt 
of  Leber's  experiniente  on  the  secretion  and  excretion  of  tho  intra- 
ocular fltiids,  by  which  it  was  demonstrated  that  the  tran8|>arency  of 
the  cornea  deiwiidwi  on  the  integrity  of  the  membrane  of  Descemet. 
The  treplune  used  for  the  purpose  has  a  diameter  of  4  millimetres, 
and  is  made  to  execute  a  number  of  revolutions  round  its  axis  hy 
means  of  clock-work,  which  can  Ix;  set  in  motion  by  a  alight  touch 
with  the  fingers  on  a  button.  This  circular  movement  is  arresteil, 
too,  as  soon  as  the  pressure  on  tho  button  is  stopjied.  Immediately 
above  the  cutting  edge  is  a  small  projecting  ledge  which  can  W 
wed  into  any  position  re<]uireil.  and  which  prevents  the  trepliine 
ing  too  deeply  into  tlie  cornea.  Tho  [wrtion  marked  out  )>y  the 
circular  cut  is  carefully  remove*]  with  knife  and  forceps.  A  piece 
of  the  whole  thickness  of  a  rabbit^a  cornea  is  tlien  exciseil  with  tho 
same  trephine  and  immediately  transplanted.  Core  must  1>e  taken 
that  tho  trephined  portion  has  in  each  case  perpendicular  sides,  and 
is  not  funnel-sha^teX  as  this  would  interfere  with  the  proper  adjust- 
ment of  the  graft.  The  cornea  is  afterwards  coverwl  with  iodoform 
and  a  bandage  applied.  ThU  operation  is  only  suitable  for  crises  of 
complete  leucoma,  where  there  is  no  adhesion  of  the  iris  to  the 
cicatricial  tissue.     It  is  of  no  use  in  coses  of  leucoma  adherens. 
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Operations  for  Conical  Corxka 


All   the   oi>eratioii8  for  conical   cornea  are  unsati 
in  so  far  as  it  seems  almost  impossible  to  pre^lict  what 
1)6  their  effect.     Vuu  Ciruefe  attempted  to  induce  a  cicalnt'Ul 
contraction    in   the   neighliourhood  of   the   apex  of  the  cone, 
with  the  object  of  bjinging  about  a  more  normal  cupralnit 
of  the*(uauea.      Yon  Gnttrfes  trperatwu  consists  in  removin)!  * 
small   ]X)rtiou    of    the  cornea  with   a  cataract   knife  in  the 
immetliate  vicinity  of  the  apex  of  the  cone,  taking  care  nttt 
to    pL*rfurnte    the   coniea.      Tlie  wound    tlius    fonneil    is  con- 
verted into  an  idcer  hy  being  touched  four  or  tive  times  M 
iTiiervals  f*f  tlinw  (hiys  with  a  solid  piece  of   mitigat-wl  caostic. 
Afterwiirds  the  anterior  chandler  is  puucturetl  through  the  bise 
of  the  ulcer,  and  tliis  repeated  three  or  four  times  everv  other 
day,  aftf^r  which  the  ulcer  is  allowed  to  heaL     A  smaU  iriiltf- 
tom}'  is  then  made  opposite  the  clearest  part  of  the  ccTDtat 
Cauterisations  with  tht;  thermo-  or  electro-cautery  havt  now  U> 
a  great  extent  taken  the  phtce  of  von  Graefe  s  method  of  pn»- 
ducing  a  corneal   ulcer.     Tliey  are  certainly  saft^r   and   mare 
easily  regulated  in  their  etfert.     Probjibly  in  most  cases  il  a 
more  tlie  exclusion  of  the  rays,  which  otherwise  psiss  through 
the  central  portion  of  the  cornea  by  the  establishment  of  » 
dense  leucoma  in  this  situation,  wliich  gives  rise  to  any  improve- 
ment of  vision,  than  any  alteration  of  curvature  whicli  t"'\  1' 
eEfecteil  at  the  same  time. 

Buinmnns  Trcpkhw  Ojieratwn. — With  a  small  treithiue  * 
circular  portion,  not  grejiter,  as  a  nde,  than  3  milUmetrejs  ifl 
diameter,  is  removed  from  the  ajiex  of  the  cona  The  trephiflc 
is  not  ullowed  to  pent'trate  the  whole  thickness  of  the  corD0tt,*3. 
if  a  complete  tlisc  be  removed,  the  operation  is  almost  invahablt 
followed  by  an  anterior  synechia.  After,  therefore,  circoxn- 
scribiog  the  portion  to  be  cut  out  U^  a  depth  which  is  000- 
sidered  safe  in  any  case,  generally  about  J  of  a  millimetre,  it  is 
removed  with  knife  and  forceps,  and  the  base  punctored  t« 
admit  of  the  escape  of  the  H(^ueous. 

BatUr's  operation  consists  in  removing  on  elliptical  piK« 
of  the  cornea  1}  to  2  millimetres  in  brc»dth  at  the  broadf< 
part   from  the  apex  of   the  cone,  and  then   applying  a  ti$^t 
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lii;;e.      This   operation    is   also   liable    to   be   followed   by 
interior  s^iiechia,  but  may  ^'ive  very  good  results. 

Sar.miscKs  section  of  tkr  Cornea  for  Htjjxipyoii  Ulcer. — This 
iB  performed  iu  the  folk»wiut»  way: — A  narrow  Graefe's  kuife 
is  passed  at  the  one  side  of  the  corneal  ulcer  into  the  anterior 
«hiiuiber,  the  cutting  edge  of  the  knife  being  directed  forwards, 
A  counter  puncture  is  made  iu  the  sound  corneal  tissue  imme- 
diately to  the  opposite  side  of  the  ulcer  and  the  intervening 
tisBue,  that  is,  the  base  of  the  nicer,  divided  by  cutting  outwards. 
In  the  case  of  largo  ulcers  the  wound  then  formed  is  pretty 
extensive,  and  is  apt  to  be  followed  by  disagreeable  results — 
prolapse  of  iris,  synechia,  staphyloma,  &c  I  have  always 
founil  that  the  effect  of  the  operation  is  6btaine<l  with  equal 
certainty  by  merely  dividing  in  the  same  manner  that  portion 
of  the  base  which  is  infiltrated.  Often  the  wound  has  to  be 
reopened  several  times  before  healing  begins  to  take  place. 

The  operation  is  now  very  seldom  required  if  the  thermo- 
cautery be  properly  used.     (See  p.  131.) 

Th-e  removal  (f  foreign  bodies  frxmi  the  ctrmea  presents 
Ip'eater  or  less  difficulties,  according  to  the  depths  at  which  they 
lia  In  the  great  majority  of  cases  they  are  quite  superficial, 
and  are  then  easily  removed  with  the  corneal  spud.  The  surgeon 
should  stand  behind  the  patient,  whose  head  is  allowed  to  rest 
^Hpinst  the  operators  chest.  The  lids  are  held  apart  with  the 
tore  and  middle  fingers  of  the  left  hand,  and  by  gentle  pressure 
against  the  margins,  so  as  to  avoid  everting  them.  With  the 
fingers  in  this  position  a  certain  amount  of  steadying  of  the  eye 
is  rendered  possible  at  the  same  time.  The  spud  should  be 
inserted  immediately  under  the  foreign  body,  great  care  being 
taken  not  to  injure  any  other  part  of  the  cornea  by  scraping  the 
epithelium  unnc»cessarily.  Any  digging  that  is  required  must  be 
confined  to  the  part  at  which  the  foreign  bo<ly  is  lodged.  When 
it  is  very  deeply  embedded  iu  the  cornea,  it  may  be  necessary  to 
get  at  it  by  making  use  of  a  sharp  needle.  Care  must  be  taken 
not  to  push  the  foreign  body  deeper ;  when,  therefore,  it  has  been 
well  freed,  the  spud  must  l»e  used  and  pushed  well  under  it 

NurVg  operaiUm  for  rupiurts  at  the  Ctmieo-^leral  Jurwiure. The 

cases  for  which  this  operation  iu  applicable  are  referred  to  at  page  150. 
It  consists  in  makiu)^  a  Bcction  with  a  narrow  knife,  which  ivopens 
the  old  wound  in  the  sclera,  and  then  drawing  the  Burrounding  con- 
43 
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JTuictiva  over  this  opening  1>y  means  of  a  special  eutuiv.     "' 
c>f  the  op<?ratiua  is  to  cover  the  wound  witli  as  tliick  n  la)-< : 
hcial  tissue  aft  |K>s3ible,  and  thus  permit  of  the  jiruper  Pt*-€»t.i 
of  the  anterior  chainher.     To  effect  this  the  kuife,  aJlenruttn 
the  d(»p])  cicjitricial  tissue  filling  up  the  space  between  the  . 
wound  in  the  sclera,  is  directed  backwards,  so  »8  to  cut  vio  - 
flap  of  conjunctiva.     A  conjunctival  suture  is  then  intrculucfti  w 
following  manner : — It  is  entered  at   the  equator  of  the  ej«.  -^  Tar 
hiick  OH  {)08siLle,  and  passed  out  and  in,  or  run  through  tht^  conjuiicdn 
for  a  considerable  distant*,  parallel  with  the   (ximc" 
The  nowUe  ih  then  earrieti  diagunuJly  over  to  the  wa. 
diately  surroundiug  the  cornea  at  the  opjKisite  end  of  the  u..uj».i.  »i»ii 
the  ttiread  run  in  a  similar  manner  close  to  the  romwi,  an'l  (imIIj 
hrviu^iit  out  beyond  the  wound  at  the  other  si*le.     The  two  <?tiiU  of 
the  thread  are  then  tied  tightly  lo<,'ether.     In  tins  w*y  a  larp-  m** 
of  conjunctiva  is  puckei-od  up  over  the  wound,  in  a  much  iHMr- 
cient  manner  tliau  could  be  done  by  the  inttoduction  of  a  numt' 
sutures  in  the  ordinary  way. 


Iridectomy. 

The  variotis  coii«lition3  for  wliidi  the  performance  of  *d 
iridectomy,  i.f.,  the  excision  of  a  portion  of  the  iris,  mat  U 
necessary,  have  been  referred  to  in  the  pret^eding  chap^eti 
Some  ditrerences  in  the  method  of  performing  this  upt^m'i-n 
require  attention,  occonling  to  the  object  for  which  :'  v 
employed- 

Iridectoniy  j)erfornied  for  merely  optical  I'eiisons  shoul^HH 
a  general  rule,  be  sniall^  and  it  is  not  uecesi-^ary  to  remol^^^^ 
portion  of  iris  up  to  its  i>eripheral  attacluneiit     If  the  caseW 
one  of  dense  nebula  of  the  cornea,  the  portion  of  iris  removiHl.  or 
the  "artiticial  pupil,"  should  be  op^Kisite  the  clearest  and  m<<V 
nommlly  curved  portion  of   the  cumea.      This  x>ortion  nii 
besides,  be  not  too  peripheral ;  tlmt  is,  besides  trjn 
curvature,  the  radial  extent  of  the  transparent  jxti 
taken  into  consideration.     Other  conditions  being  equal,  the  li 
positions  fur  an  artificial  pupil  for  optical  purposes  are  iuw 
or  inwards  and  downwarda     Wliere,  on  theotiier  hand,  the 
is  one  of  pirtial  cataract,  and  the  object  of  the  operation  B 
admit  the  rays  of  light  througli  the  clear  peripheral  portions 
the   lens,  it  is  advisable   always   to   perform    the    irid' 
upwards.     The  reason  of  this  is  that  there  is  always  a 
of  the  cataract  becoming  more  complete  at  some  future^ 


IRIDECTOMY, 


ant!  necessitating  extraction.  When  this  does  happen,  the  arti- 
ficial coloboma  upwards  does  not  interfere  iu  any  way  with  the 
opeiiitiou. 

Another  class  of  cases  where  an  iridectomy  is  reiinired  for 
optical  pur|>oses  is  where  the  pupil  has  been  closed  and  btumd 
down  liy  flyuechi;e,  as  the  result  of  iritis.  Tn  such  cases  the 
choice  for  the  position  of  the  iridectomy  should  be  regulated  by 
the  condition  of  the  pnpiL  Ji^  fur  as  that  can  be  made  out  by 
careful  inspection,  if  need  be,  after  the  use  of  a  mydriatic.  The 
excision  of  the  iris  should  be  made  where  the  jjupil  is  least 
bound  down.  Other  thinj^  being  equal,  it  is  best  to  make  it 
upwards.  The  reason  of  this  is  thjit  the  upuration  in  such  cases, 
though  mainly  performed,  it  may  he,  fnr  optical  purposes,  should 
be  undertaken  with  the  possibility  kept  iu  view  of  some  future 
recurrence  of  the  intlammution  taking  place,  so  that  the  colo- 
Ixjma  should  be  maile  of  u  t,'Ood  size.  The  renmval  of  a  portion 
fif  iris,  again,  whicli  is  thagged  on  owiiijj;  to  the  existence  of  an 
anterior  synecliia  must  be  sufficiently  large  to  entirely  free  the 
unattached  pt*rti4)ii.  In  many  cases  of  this  kinil  there  is  no 
necessity  for  any  ojveration  at  all;  but  where  there  is  distinct 
irritation  produced,  it  sliould  not  be  delayed.  Often,  indee<I.  it 
is  advisable  to  free  the  iris  un  both  siih^s  of  the  adhesion.  Tliis 
may  be  done  by  a  double  iridectomy,  perft^iiiied  either  at  Uie 
eaine  time,  or,  more  easily,  at  an  interval  of  a  few  days. 

The  ndes  for  the  perfornmnce  of  iridectomy  for  glaucoma  are 
spi'cially  referretl  to  further  on. 

The  instruments  requirefl  for  an  optical  iridectomy  are — a 
s])ring  speculum,  a  pair  of  iixiition  foreejis,  a  bent  triangular 
lance-shaped  knife  (often  called  a  keratouie).  a  pair  of  iris  forceps, 
or  iris  hook  (Tyrrell's  hook),  a  pair  of  iris  scissors,  and  a  small 
llexible  caoutchouc  or  tortoise-shell  spud  (see  Fig.  188.) 

In  making  the  necessary  section  with  the  keratome,  the 
operator  may  either  push  the  point  away  from  him  or  towards 
hiiu ;  in  p**rfonuing  an  iridectomy  upwards,  therefore,  he  will 
in  the  first  case  stand  belund  the  patient's  head,  and  \\\  the 
second  at  the  side  of  the  patient,  and  at  the  same  time  as  much 
in  fix)nt  of  him  as  possible.  When  thei*e  is  plenty  of  room, 
that  is  to  say,  where  there  is  a  good  anterior  chamber,  either 
manner  of  introducing  the  knife  is  equally  easy.  la  intro- 
ducing the  knife,  however,  into  a  narrow  chamber,  the  second 
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the  surgeon,  taking  the  fixation  forceps  in  the  left  hand,  takes  a 
firm  hold  of  the  conjunctiva  and  Bubcnnjuiictival  tissue  at  the 
opposite  end  of  the  diameter  in  which  he  intends  to  make  the 
iridectomy.  The  knife  should  then  be  introduced  at  the 
apparent  corneo-scleral  marfrin,  the  point  being  directed  at  right 
angles  to  the  surface  of  the  corneu  in  that  situation,  and  pushed 
forwards  until  it  has  just  pierced  the  thickness  of  the  cornea. 
Tlie  knife  is  then  directed  more  forwards  by  depressing  the 
handle,  and,  with  the  plane  of  the  blade  j>arallel  witli  the 
iris,  pushed  rapidly  atsd  xmXhoxd  any  hesitation  on  into  the 
anterior  chamber,  until  the  external  wound  has  attained  a 
sutticient  size,  say  4  to  5  uiillinietrea  for  most  optical  pur- 
posea  The  hl&de  is  then  shwhf  withdniwn  with  the  point 
tilted  sHghtly  more  forwards.  Tyn-ell'tt  liook,  or  the  iris  forceps, 
is  then  introduced  into  the  anterior  chamber.  Where  the  opera- 
tion is  done  for  the  displac«ment  of  the  pupil  opposite  a  clearer 
portion  of  cornea  the  hook  is  generally  t!ie  l>est.  It  should 
be  of  platinum,  so  that  it  can  reatUy  be  l>ent  into  any  shape 
required.  The  point  should  be  blunt  and  perfectly  smooth.  It 
is  introduced  with  the  hooked  end  on  the  flat,  passed  inwards 
parallel  witli  the  iris,  but  without  toucliing  it,  until  its  end 
has  got  beyond  the  edge  of  the  pupil ;  a  sliglit  rotation  is  then 
given  to  the  instrument,  so  a^  to  ilirect  its  |H:)int  towards  the 
lens,  and  it  is  .slowly  withdrawn  until  it  catches  well  on  to  the 
pupillary  margin.  The  iris  can  then  be  dragged  out  of  the 
wound  with  the  hook  kept  as  flat  as  is  consistent  with  its 
retaining  a  good  hold  of  it.  It  should  be  slowly  dragged  out, 
and  without  any  great  traction,  and  then  siupped  otl'  with  the 
I  scissors.  With  a  good  assistant  it  is  better  for  the  operator  to 
I  entrust  the  scissors  to  him  and  luaintain  fixation  himself,  with 
the  forceps  held  in  the  otlier  IuiikI.  Various  form.s  of  iris 
scissors  are  in  use,  but  that  figured  will  be  fouml  as  good  as  any, 
and  leas  likely  to  get  out  of  onhtr.  Wlien  the  iris  forceps  is 
used  it  should  l>e  introduce*!  closed,  until  the  points  lie  just 
over  the  margin  of  the  puj>il,  when  they  are  allowed  to  open, 
and  are  at  the  same  time  pressetl  gently  down  upon  the  iris. 
lu  this  way  a  portion  of  tlie  iris,  including  a  portion  of  the 
pupillary  margin,  rises  in  between  the  two  limbs  of  the  forceps, 
which  are  then  firmly  closed  and  slowly  withdrawn,  until  a  good 
snip  can  be  got  with  the  scissors  outside  the  wound,  which 
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leaves  a  piece  of  detached  iris  in  the  forceps.    A  stream  of 
aul»Iimato   lotion  may  now  be  poured  upon  the  wound    T' 
eye  is  then  closed  and  gentle  friction  ma<le  over  the  hd ;  in  i*. 
way  any  part  of  the  iris  caught  in  the  wound  ia  as  a  rule  libe- 
raied.  but  if  the  iris  shoulil  not  have  returned  to  its  place  it 
may  be  gently  diagged  away,  by  passing  the  caoutchouc  8po4 
into  the  angles  of  the  wound  and  on  to  the  aarface  of  tibe 
iris.     This  must  only  be  done,  and  with  great  care,  when  ll»e 
first  proceeding  fails.     If  there  ifi  any  bleeding,  the  upper  lip  of 
the  wound  should  be  slightly  depressed,  so  aa  to  permit  of  its 
esca^ie,  but  attempts  to  remove  blooil  should  not  be  persisteilh 
for  any  lengtli  of  tima    The  bleetling  usually  comes  from  theoan- 
junctiva,  a  portion  of  which  may  have  been  soippeil  off  alo(^ 
with   the  iris.     Care  shouUl  therefore  be  taken  in  using  ihc 
scissors   to  see  tlnit  only  iris  is  included  between  its  bbdesi 
A  dressing  is  applied  in  the  way  descril)ed  at  page  689,  and  kepi 
on  for  twenty-four  hours,  when  it  is  reapplied  as  l>efi're.    After 
forty-eight  hours  it  may  be  rcmuve<l  altogether,  and  a  shade 
worn  over  both  eyea 

IrukcUnny  for  Glaucorna. — It  is  impossible  in  the  war 
already  described  to  i-eraove  a  portion  of  the  iris  which  extt*mli 
<])iitc  to  its  peripheral  attachment.  Unless  it  be  actually  lorn 
away,  a  peripfieml  piece  remains,  corresponding  in  dej^th  to  the 
distance  separating  the  iris  periphery  fn»m  the  inner  incision, 
plus  the  thit^kness  of  the  cornea.  In  operating  for  glanrocjA, 
the  iridectomy  should  be  large  and  also  as  periphenil  as  p<>sailik 
Wliether  this  be  always,  or  even  ever,  absolutely  necessary,  mv 
be  open  to  (picstion,  but  at  all  events  such  are  the  traditional 
re«iuirements  for  the  operation  in  that  disease.  Tlie  instru- 
ments requireil  are  the  same  as  for  the  i>erfornuinc€  uf  itn 
optical  iridectomy,  only  the  keratome  should  be  larg^T,  in  fart 
as  large  as  pfissible,  and  the  iris  forceps,  and  not  the  hn*ik,  uaed 
for  seizing  hold  of  the  iris. 

Somo  openitors  make  the  ineieion  in  cases  of  glaucoma  with  t 
narrow  cataract  knife  instead  of  with  a  keratome.     With  »acL  la 
infitnimeni^  with  whidi  the  section  is  made  frtim  >ritliiu  and  not  bna 
without,  it  is  im|)(je«ibl('  to  tuake  aa  clean  a  section  as  witli  a  koi 
if  an  attempt  l>e  luaile  to  make  it  very  penpheraL     The  diffit 
increasc<l,  twi,  if  the  anterior  chamber  be  very  narrow.  a.s  is  ftvi^iKSl 
the  case ;  indeed  it  Is  only  with  a  keratome  that  it  ie  jKiwiblie 
make    a   clean    peripheral  inciaion   into   a   narrow  chamber.     T 
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cnife,  wlien  used,  presses  the  iria  in  front  of  it,  bruisiug  it, 
letacliin^'  it  in  part  troni  its  peripheral  attachment. 
GlftUC4>matoU3  eyes  iire  oftea  small  aud  deeply  placed  in  tho 
i>rbit.  Owing  to  this,  aud  to  the  greater  size  of  the  incision  reijuiretl 
to  cases  of  glaucoma,  and  the  consequent  difticult.  and  often  jMiinful 
nature  of  the  o}>eTHtion,  it  is  often  advisable  to  an«e«thetise  the 
k»iient.  If  an  anicAtbetic  be  not  uaed,  great  care  must  be  taken  to 
icecp  the  patient's  head  perfectly  quiet  Cocaine  very  often  produces 
compamtively  little  local  aniE^thesia,  though  by  its  use  the  incisi(m 
may  generally  be  ma<le  without  causing  any  great  pain.  Much 
ilcpemU  of  course  on  the  state  of  tho  eye  at  the  time  of  operation  ; 
in  very  acute  easels  an  anaesthetic  is  alrao«t  absolutely  necBssary  Uj 
nvoid  nmniug  any  risks. 

!  The  kemtoiiie  is  intrf»duoed  in  the  same  iuhiiiht  as  hiui  just 
be«n  ilescrilied,  but  rather  further  buck,  akiut  aiie  millimetre 
behind  the  ajipitruiit  Bclero-r-orneiil  margin.  Htu'e,  too^  it  is 
|Btill  more  essential  that  the  wound  through  the  comen  should 
|be  (hrect  ami  uoL  ehipiny;.  After  Liu*  point  has  penetrated, 
and  the  blade  then  turned  somewhat  forwanls,  the  more 
rapifUy  it  can  be  intrmluced  into  the  anterior  chamber  the 
easier  is  it  to  get  a  sulliritMilly  Iiiru;e  int'isioii.  In  withdrawing' 
itj  the  one  edge  should  be  lilted  very  slightly  sideways,  and 
made  to  enlai^  the  opening  to  that  side.  This  shovdd  be  done 
Jeisurely,  without  any  gre^tt  hiustxi ;  nothinrj  looks  u<;lier  than  to 
see  a  keratome  rapidly  jerked  out  of  the  eye  after  the  iacisiou 
hoa  been  made.  The  his  is  then  grasped  with  the  forceps, 
which  should  be  openetl  wiikdy,  so  as  to  get  hold  of  a  good 
I  large  pieee.  This  is  diuwn  out  of  the  wound  and  cut  as  close 
|a8  possible  to  it,  with  the  object  of  cutting  across  a  very 
j»eriphenil  part.  Gre^it  care  must  afterwardn  be  taken  to  pre- 
vent iiiiy  encleisis,  as  it  is  of  importance  to  obtain  healing 
jwitliout  any  irritation,  and  eventually  a  smooth  even  cicatrix. 
Tf  the  anterior  chandtor  does  not  ro-fovni  within  forty-eight 
hours,  it  is  best  to  leiLve  tiie  Ixindiige  oH'  alt»^cther,  or  at  all 
erents  only  apply  it  very  lightly.  In  many  cases  it  is  useful 
t-o  continue  using  eserine  or  pilf>carpine  drops  for  a  week  or  a 
iortniglit  after  the  openitioiL 
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An  opening  made  into  llie  anterior  chamber  as  far  back,  or 
as  nearly  coinciding  with  its  angle  as  possible,  has  received  the 
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name  of  sclerotomy,  as  the  incision  lies  mainlj  in  tb«  sclen. 
An  incision  of  this  kind  niay  be  made  in  several  ways.  Vm 
plan  wliich  seems  to  Ije  most  commonly  ndopl^il  i»  the 
following: — After  luiving  obtaiuBil  a  maximal  degree  of  tuyooii 
with  tlie  use  of  eserine  or  pilocarpine  drops,  a  narrow  catarncl 
kiiife  iH  introduced  at  a  point  in  or  slightly  al)ove  the  horij'tuul 
diameter  of  the  cornea,  and  quite  one  millimetre  from  iU 
margin.  It  is  carried  across  the  anterior  cbamlier  to  a  point 
exactly  on  the  same  level  on  ihe  oUicr  side,  where  a  counier 
puncture  is  made.  Then,  with  a  slight  sawing  movement,  an 
incision  is  begun,  which,  if  tiniahed,  would  separate  the  whole 
of  the  coniea  above  the  points  nf  entrance  and  exit  of  the  blwl* 
from  its  connection  with  the  sclera.  Ordy  two-thirds,  howevBT, 
of  this  section  is  to  he  coniplete<l,  one-third  of  which  is  cut  with 
the  tK>rtion  of  the  blade  next  the  point,  and  the  other  ihini 
with  lluit  next  tlie  hiuidle.  A  bridge  of  tissue  e<]ual  to  either 
incision  is  left.  The  knife  is  then  carefully  withdrawn,  anil 
any  prolapse  of  iris  replaced  with  the  caoutchouc  spud 
The  use  of  eserine  must  be  continued  during  the  healing 
process. 

Another  method  consists  in  making  a  smaller  incision  with 
the  same  knife,  and  while  iiuisliing  the  section  thronghoal  u 
far  as  the  sclera  is  conceruedi  leaving  as  much  of  the  em* 
junctiva  uncut  as  possiblcL 

Yet  another  method,  and  in  my  experience  the  best,  is  8o 
Hiake  the  incision  with  a  large  keratome,  in  every  way  as  for  a 
glaucoma  iridectomy.  It  is  generally  possible,  in  vastes  whidi 
are  suitable  for  sclerotomy,  to  j^revent  prula|>8e  after  ihii 
incision  by  the  previous  use  of  eserine,  and,  if  nec4.«suzy,  ^ 
use  at  tlte  time  of  the  caoutchouc  spud.  If,  however,  effurti 
in  this  direction  fail,  the  operation  can  be  cvmverted  inio  % 
good  iritlectomy  by  the  excision  of  a  portion  of  iria  Hy  Ut« 
other  methods  any  prolapse  of  iris  cannot  be  so  sntisffictdfil/ 
ti'eated.  Such  operations  are,  lj*^si<les,  if  the  incision  bo  made 
really  peripheral,  suliject  to  the  same  practical  objeotiuns  tf 
have  been  ui^ged  against  the  use  of  a  cataract  knife  in  thr 
performance  of  iridectomy. 
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Operation  foe  Pkolapsed  Iris. 


Catakact  Operations. 


If  the  patient  be  seen  shortly  after  t!ie  occurrence  of  the 
Foration  wliich  has  le<l  to  the  prolapse,  the  iris  may  be  either 
>laced  or  seized  hohl  of  with  the  iria  forceps  ami  Huippinl  off. 
The  treatment  in  any  particular  case  is  mentioned  at  p.  149. 
hen  some  time  haa  elapsed  since  the  prolapse  t-ook  place,  an 
oration  may  be  required  for  removing  it,  so  aa  to  obtiiin  a 
kooth  cicatrix.  This  is  best  performed  as  follows : — The  centre 
the  cicatricial  tissue,  inrhidin;^  tlu*  prolapsed  iris,  is  transfixed 
ith  a  narrow  cataract  knife,  which  is  then  made  to  cut  outwards. 
as  to  separate  tlic  base  of  the  jn-ulapse  frran  the  underlying 
•nea.  The  di'DicluHl  portion  is  next  seized  with  a  piir  of  iris 
!ep8,  and  Hui]4>ed  tiH'  alonj,^  with  the  renmiuiii},^  jtromineuce. 
If  an  attempt  be  made  t-o  cvit  it  away  without  Hrst  using  the 
knife,  the  scissors  will  be  found  not  to  get  a  ^'tod  liold,  and 
glide  over  it,  so  that  in  that  way  it  is  ^nerally  iuipaHvSible  to 
,   remove  it  sufticiently  thoroughly. 

^  Discission  or  ne^tflirt/^  fi>r  c^itaract  is  practised  in  the  case  of 
1  lenticular  opacities  in  young  individuals.  The  abject  of  the 
I  operation  is  to  allow  the  aqueous  humour  to  come  in  contact 
'  with  the  lens  substance,  which  is  thus  softened  and  slowly 
mbeorljed.  To  effect  this,  it  is  necessary  to  make  an  o]tcning  in 
tiie  lens  capsule,  and  at  the  same  time  break  down,  la  souje 
extent,  the  KuljstJincc  of  the  lens  as  w(dl.  Tlie  instruntent  u.sed 
for  tliis  purjiose  is  a  8har])  needle,  the  body  of  which  is  made 
almost  imperceptibly  tajK^'ing,  and  at  the  same  time  accurately 
rounded,  so  as  to  prevent  any  eacajtc  i»f  aqueous  whilst  it  is  in 
use.  Before  operating,  the  pupil  should  be  well  dilated  with 
atropine.  Having  t^iken  a  good  hold  nf  the  conjunctiva  with 
the  fixation  forceps  held  in  the  left  hand,  the  needle,  whieli  has 
been  rendered  thorcujghly  aseptic,  is  pn^^hed  through  a  peripheral 
portion  of  the  cornea  until  it  reaches  the  capsule  of  the  lens. 
Tlie  handle  is  then  slightly  dej)TesKed,  and  at  the  same  time  the 
needle  pushed  a  little  further  through  the  cornea,  and  then,  by 
a  movement  round  the  portion  of  it  which  is  grasped  by  the 
cornea  as  axis,  it  is  made  to  make  a  linear  cut  through   the 
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capsule  iu  a  vertical  or  nearly  vertical  direction.  It  ia  then 
sllj^'litly  wiUidrawu.  and  u  horizoutal  iucisinn  made  throuph  the 
capsule  iu  tlic  same  way.  The  capsule  is  thus  opened  by  « 
crucial  incifiion,  and  after  tliis  has  been  done,  more  or  less  of  the 
If»ns  may  he  stirred  up  with  the  end  of  the  needle,  ear^  beiu;; 
taken  that  the  whole  thickness  is  not  pierced  at  any  place.  Tlic 
needle  is  then  quickly  withdrawn,  the  eye  washe<l  with  a  stntm 
of  C4>rrrisive  sublimate  scdution,  and  a  bandage  applied.  Fur 
some  lime  afterwards  the  pupU  must  be  kept  well  dil:ili?d  with 
atropine,  so  as  to  prevent  any  syuechitc  forming. 

The  main  point  iu  the  operation  consists  in  makinji  n 
satisfactory  opening  iu  the  capsule.  If  the  needle  l*e  uiereiv 
stuck  into  the  lens,  and  the  point  then  moved  about  so  as  ui 
stir  it  up,  a  proper  absorption  does  not  follow,  and  there  is  i 
risk  l-Misides  of  rapid  swelling  taking  place  within  the  cji)isu1c. 
which  may  give  rise  to  considerable  irritation. 

In  children  no  further  operation  is  required  its  a  mlc. 
Kvery  ctise  should,  however,  be  carefully  watclied  for  some  iliU"* 
afterwards,  as  it  occasionally  happens  that  when  a  eonsidert* 
able  quantity  of  softened  and  swollen  opaque  lens  matter  falU 
all  ut  once  into  tlie  anterior  chaniber,  it  interferes  with  ibe 
normal  excretion  of  tlie  tluids  of  the  eye.  and  may  Unw  giTt 
rise  to  glaucomatous  symptoms,  which  may  endanger  the  ejc. 
When  this  occurs,  it  is  often  at  the  same  time  accomiiauied  br 
pain  and  vomiting.  It  is  tlie  more  likely  to  occur  the  older  the 
individual  on  whom  the  operation  is  perfnnne<l.  and  the  moit 
fretdy  the  capsule  and  lens  have  been  neecUed.  Under  Uieae 
c ire uni 8 lances  it  is  necessary  to  extract  as  mu<'h  of  (he  leu* 
matter  as  can  be  readily  got  away  from  the  anterior  chimhcr. 
There  are  different  ways  of  doing  this,  but  the  best  is  by  making 
a  snuiU  linear  cxt-ntdiun.  This  is  done  with  a  keratome.  Tbe 
keratumc  is  entered  through  the  cornea,  about  2  millimetn^ 
fi'om  its  margin,  taking  care  that  the  wound  is  quite  peqienih- 
cular  to  the  surface.  The  incision  thus  made  should  be  4  or  5 
millimetres  iu  length.  After  withdrawing  the  keratome,  th« 
upper  lip  of  the  wound  is  depressed  with  a  small  scoop,  alon^ 
which  tlie  aqueous  and  lens  matter  are  allowed  to  escajH?,  If 
the  whole  of  the  contents  of  the  anterior  chamber  do  not  oomis 
at  once  in  this  way,  the  eye  may  be  closed  for  a  minute  or  tw<t,, 
and  the  manoeuvre  i*epeated.     It  is  best,  if  poesible,  to  avnid 
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introducing  the  scoop  into  the  chamber,  and  in  any  case  it  is 
not  necessary,  although  of  course  it  hastens  matters,  to  extract 
aU  the  lens  substance. 

Some  Biirgeous  iDake  a  practice  of  always  extroctmg  a  few  days 
fclter  needling,  whether  that  be  followed  by  any  irritation  or  not.  The 
time  re<iuired  for  the  cure  of  the  cataract  is  thus  nhortoned,  and,  if  a 
linear  extraction  perfom»c<l  in  the  way  describBd  be  practifJCiJ,  with 
proper  antiseptic  precautions,  it  is  a  very  safe  proceeding.  There  is 
necessarily,  however,  a  slight  increase  in  the  risk  as  conipare<l  witli 
needling  alone  and  leaving  the  absorption  to  take  place  in  the  course 
of  nature. 

The  broken-up  lens  matter  may  also  be  removed  by  the  nicthoi!  of 
mttiau,  Hitviug  made  a  lineur  incision  in  the  cornea  in  the  ninnner 
already  descrilKM.1,  the  nozzle  of  a  suction  syringe  i.^  intrrMluced  well  into 
the  anterior  chamber,  and  tite  softened  lens  matter  slowly  suckerl  up  into 
jit.  Two  forms  of  syringe  arc  used,  llowninn's  and  ToUo's.  In  the  one 
I  the  suction  is  got  by  means  of  raieijig  a  piston  with  tlje  thumli,  while 
the  tube  of  the  syringe  is  firmly  held  by  the  first  and  second  finger 
inserted  into  two  rings  fixed  to  the  tube.    The  other  suction  curette  con- 


ViQ,  1S9. — 0.  Onujfe'a  knife  ;  A.  OyBtotonie  and  tortnicie-BheU  vuoop. 

fidfits  of  a  silver  nozzle  attached  to  a  glass  tube  four  or  five  inches  long, 
ending  in  a  flexible  indiurubber  tube,  with  a  glass  niiouth}>iece  at  the 
other  enrl.  The  suction  i.-4  niade  with  the  mouth.  Those  who  attempt 
I  removing  lens  matter  1)y  auction  should  piiy  attention-  — liret,  to 
securing  the  absolute  a^epticity  of  the  syringe  ;  and^  secondly,  to  the 
manner  in  which  they  hold  it  in  the  chauiber.  An  instrument  of  this 
kind,  it  must  he  remenihorod,  ifi  innrn  diHieult  to  rentier  aseptic  thmi 
most  (»thers.  The  no/jjc  \mn  its  openijig  on  its  anterior  surface,  con- 
so<4Ueutly  it  is  necessary,  in  order  to  a\*oid  hiiving  to  exert  too  power- 
ful a  suction,  to  get  it  well  behind  the  tiintter  which  it  is  desired  to 
suck  up.  Care  must  also  bu  taken  that  it  do^s  not  get  belund  the  iris, 
or  be  allowed  tt)  enter  so  deeply  that  the  posterior  lens  eapside  is 
ruptured.  Very  pretty  result*  nuiy  be  obtained  by  this  meth»«l ;  but 
it  is  very  rjuestionahle  whether  on  the  whole  it  is  better  than  the 
simple  linear  extraetifUi,  and  it  is  certainly  not  so  wife. 

Cataract  Kxtraeiinn. — The  nu'tlnnl  of  extracting  senile  cataract 
now  almost  universally  followed  is  one  wliich  difiers  but  to  a  slight 
extent  from  that  introduced  by  von  Oniefe  as  his  nio<lifieti  Hnear  opera- 
tion.    Slight  ditferonces  made  by  different  operators  in  the  position  of 
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the  incision  have  lod  them  U>  (IttM'rilK:  nioditicatioDe,  which  tlwy  luiu 
been  pleased  to  dignify  by  th«.»  nanio  of  uow  methoda.  but  thwe  h»w 
in  almost  all  ciu»«!i  been  so  trivial  that  they  do  uot  rer^uire  any  Knoos 
conaideration. 

The  instniraents  ret|iiire<J  for  extraction  with  iridectomy  arc 
the  following  (Bee  Figs.  188  and  180): — A  spnng  specuhim^  i 
fixation  forceps,  a  narrow  cataract  knife  (Graefe's  knife),  a  pair 
of  iris  forceps,  iris  scLswora,  a  nystolonie  or  capsule  forceps,  ud 
a  tortoise-sliell  scoop,  geiienilly  fixed  at  the  other  end  of  the 
cystotome,  as  in  Y\%.  189).  Fnrbher,  in  case  they  should  be 
required,  tliere  should  Ix;  at  hand  a  caoutchouc  or  tortoise-shell 
spud  for  replacing  the  irb*,  and  a  wire  vectis  to  remove  the  lens, 
should  it  become  dislocated,  or  should  there  l)e  any  early  escape 
of  vitreous.     It  is  useful  to  have  also  a  wire  elevator  (Fig.  \%\ 
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Fio.  190.— tf*  Wire  v«oti« :  6.  Wire  elevator. 


which  can  be  used  when  the  Rj>eculum  has  been  removed,  if  ii 
should  be  necessary,  or  appear  advisable  to  i-eiuove  that.iiwlni* 
raent  before  the  completion  of  the  operation. 

After  the  eye  has  been  cocainised,  and  the  conjunctival  sac 
well  WJiahed  out  with  corrosive  sublimate  solution,  1  to  5000. 
the  speciiUim  is  introduced.  The  form  of  speculum  shown  ii» 
Fig.  188  is  a  useful  one,  as  it  can  be  used  for  either  eye  wilbonl 
getting  in  the  wny,  and  is  sutticiontly  strong,  owing  to  tb« 
rectangular  shape  of  the  arms,  to  resist  any  attempt  on  the  part 
of  the  patient  to  close  the  eye.  If  the  operati»r  uses  his  nglil 
hand  for  making  the  section,  he  will  stand  Iwhind  the  p«ti«U 
when  opuniting  on  the  right  eye,  and  in  fmnt  of  hiui  when 
operating  on  the  left.  This  is  necessary,  as,  owing  to  the 
nose  getting  in  the  way,  the  section  lias  to  be  made  frotn  the 
temporal  side. 

If  the  section  be  made  upwards,  which  position,  though  not  al«*T» 
the  easiest,  on  accoiml  of  the  tendency  that  there  ia  to  roll  tliQ  i^y« 
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npwani*,  is  for  other  reasons  the  best,  the  surgeon  will  cut  towards 
him  in  oporating  on  the  ri^ht  eye,  anil  nwuy  from  him  in  oponiting  on 
the  left.  Either  way  is  equally  easy,  but  many  0i>eratur8  always  cut 
towards  them,  and  make  tht*  scotion  in  the  left  eye  with  the  left  hand. 
It  is  rare  indeed  that  this  can  W  done  with  the  same  degree  of  preci- 
moDf  as  a  constant  rule^  aa  may  be  actjuired  with  the  riglit  hand,  unless 
the  operator  be  really  left-hundcd.  In  many  cartes  a  disproportionate 
amount  of  practice  is  required  even  to  make  a  tolerably  good  leiV 
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handed  operator,  practice  which  is  h&rdly  justifiable  for  what  is  after 
nil  an  unneceisary  accomplishment.  Of  numorous  operators  whom  I 
have  seen,  I  have  never  yet  seen  one  who  could  honestly  be  said 
to  use  either  hand  with  equal  tucilitv,  and  on  this  account  it  is 
perhaps  not  too  much  to  say  that  the  patient  should  always  be  allowed 
the  benefit  of  the  beet  hand. 

A  firm  hold  is  taken  of  the  conjunctiva  and  subconjunctival 
tifiHue  with  the  forceps  held  in  tlie  left  hand     This  ILxation 
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nhuiild  l)e  niadt*  in  a  line  with  the  vertit'iU  diameter  Uiri' 
cornea,  and  therefore  exactly  opposite  the  mid-pciint  of  il.-  -  - 
tion  al>out  to  be  made.     If  fixation  be  made  at  any  other  plaw. 
it  may  interfere  with  the  proper  j)erforinance  of  the  sectioa 
The  knife  is  then  entered  by  making  a  puticturc  at  the  corwo- 
Hcleral  margin,  and  at  a  point  un  a  level  with  a  semi-iHlfticd 
pupiL    In  making  the  puncture,  the  point  of  the  knife  is  ■ 
towards  the  centre  of  the  pupil,  or  rather  lower.     As  s«"'i^  —  -• 
has  prctperly  entered  the  chaml>er,  it  is  steadily  pushed  forwanli, 
wliile  being  gradually  given  a  direction  parallel,  or  nearly  «l 
with  the  horizontal  diameter  througli  the  cornea,  until  its  puinl 
catches  in  the  angle  of  the  anterior  chamber  exactly  oq  a  Irrd 
with  the  first  puncture.     At   this   point   the  connlcr  pumiiut 
is   made,  and   then   the   knife   is  quickly,  and  with  as  btlic 
sawing  as  possible,  cut  out,  so  as  to  make  a  section  which  Ixt 
throughout  just  about  in  the  apparent  corneo-scleiBl  muffu 
(see  Fig.  191). 

If  the  knife  should  catch  too  Bcx>n,  that  is,  bt^fore  its  [wml  hu 
reachcti  fairly  to  the  onglo  of  the  chuiiihor,  it  nmy  1>e  alightly  vit^ 
dmwu  ami  directed  towarils  ii  better  point.  This  must  be  done  csut- 
fully,  and  without  incrcasuig  the  size  of  the  opening  at  tlie  puuctun^ 
60  tis  to  retain  the  aqueous  himiour  as  fur  as  poftsiMc.  SfiiuctUDM, 
owiii}^'  to  the  m^ueous  escaping,  thu  iris  fiilU  iu  front  nf  ihr  koif* 
immeiliately  after  the  counter  puuctiu*  has  been  made.  When  ito 
happcufl  two  courses  are  open  to  the  operator, — either  to  withdmn 
the  kniie  slowly,  and  |)Oslpone  tJio  oppnition  for  some  duvs,  »»r  yro- 
cti^d  with  the  section,  cutting;  through  the  iris  at  the  sanip  liat^ 
The  latter  does  m^t  interfere  alto^etluT  with  tho  suooesafiil  I 
tion  of  the  oj:H?nitiou,  Jilthough  it  may  comjilicjile  it  by 
bleeding  into  the  anterior  chamlwr. 

After  the  section  Inis  been  made,  if  there  be  any  little  fiap 
of  conjunrtivn,  it  should  be  turned  ovpr  on  to  the  cornea,  so  « 
to  free  the  lips  of  the  wound.  A  piece  of  iris  is  then  renjoi»l 
with  the  iris  forceps  and  scissors.  A  small  iridectomy,  4  to  5 
millimetres  in  width,  is  all  that  is  required;  it  is  tT  '  liOl 
ncKjessary  to  exert  any  traction  with  the  forceps,  car*^  k«B 

only  that  the  pupillary  margin  is  seized  and  drawn  out  Tbft 
cutting  should  therefore  also  be  made  with  one  snip,  and  notw 
was  at  one  time  very  much  practised,  by  means  of  several  snip*, 
freeing  first  the  one  side,  and  dragging  out  as  much  iris  u 
could  be  got.     Ky  cutting  the  iris  in  tliis  manner,  and  by  mAking 
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the  incision  in  the  wny  described,  and  not  more  periphendly,  as 
was  formerly  done,  we  may  to  a  great  extent  avoid  any  encleisia 
of  the  iris.  After  tlie  iridectomy  has  been  completed,  it  is  well 
to  see  that  the  iris  is  free.  If  not,  a  little  friction  made  witFi 
the  lid  over  the  eye  will  generally  lie  sufficient  to  free  it ;  l>ut 
ahoidd  this  not  he  the  case,  recovirse  may  be  had  to  the  carjuL- 
ehouc  spud,  which  can  be  used  to  much  greater  effect  at  this 
stage  of  the  operation  than  after  tlie  lens  has  been  removed.  If 
there  is  now  any  manifest  pressure  of  the  speculum  on  the  eye, 
or  if  the  [jatienb  be  unruly,  that  instrument  should  be  removud, 
or  an  assistant  may  be  allowed  to  h<ild  it  in  such  a  way  as  to 
avoid  any  pressure.  The  cysLotorae  is  then  introduced  into  the 
anterittr  chamber,  the  cutting  edge  or  pricking  point  bcii:^  hcdd 
parallel  with  the  surface  of  the  lens»  until  it  has  been  pushed  as 
far  down  as  the  lower  margin  of  the  pupil,  or,  if  it  can  be  done 
without  any  difticulty,  even  behind  the  iris  in  thi.s  situation. 
The  point  is  then  directed  to  the  lens,  the  aij)sule  of  which  it 
"rea<Uly  pierces,  and  in  whicli  it  is  made  to  tear  an  opening  by 
being  steadily  withdniwii  in  a  vertical  direction  towards  the 
external  incision.  A  similar  rent  is  then  made  in  the  capsule  at 
right  angles  to  this  one,  and  as  nearly  as  may  l>e  along  its  upper 
circumference.  In  thi-s  wjiy  an  irregular  T-shaped  opening  in 
the  capsule  is  obtained. 

The  object  of  opening  the  cajtsule  is  to  permit  of  the  easy  escape 
of  thp  Ions.  It  is  a  point  wliich  Iiiirf  always  lus-n  inurh  diacnssod,  wliicb 
is  the  host  way  of  doing  thirt'f  1  urn  nut  pn-fiart'd  to  etay  thnt  the  way 
just  d«94.Tibed  is  better  timn  aijy  other  tlint  may  bo  employed,  hut 
what  \%  ]>rotty  certain  ia,  that  the  nion^  fnv  the  o|>eiung  cau  be  nim.le, 
the  raon;  easily  and  coiiif)Ietely  ran  the  o]ia(|ue  len«  Ije  reiu"rt*ed.  Caro 
should  thercforp  1m?  tnkrii  that  the  cy.stotoinp  really  cuts  x\w  cajxtule, 
and  is  not  allowed  to  ]nias  in  between  it  and  tlic  len.s  uftur  having  made 
A  rent  in  it.  It  is  to  avoid  the  possibility  <'t'  this  that  it  is  well  to  jiaas 
it  fur  down  first,  and  then  to  cut  ttiwanU  tlie  periphery.  A  gootl  open- 
ing can  be  got  by  Udiii^'  a  pair  of  L'ai)8ule  forceps  instead  of  a  cy.stotome. 
The  forceps  are  pitssfMl  in  closed,  nntil  the  ikoints  are  slightly  beyond 
the  centre  of  the  U-ns,  when  tljcy  are  o|m:'uci1,  jiressed  gently  against  the 
surface  of  thecajwule,  tmd  closed.  Thoy  ari;  th«n  withdrawn  slowly  and 
by  a  slight  aide-to-side  movement.  In  order  to  see  wliother  they  have 
rcniovetl  a  satisfactory  jwrtion  of  the  capsule,  they  may  be  transferred  at 
once  to  tile  dish  containing  the  antiseptic  lotion,  and  the  portion  of 
capsule  allowcil  to  float  olf.  The  capsule  forceps  are  somewhat  more 
difficult  to  manii)utate  than  the  cystotome.  Care  must  l.>e  Uken,  of 
course,  not  to  press  too  firmly  on  llie  lens,  as  it  may  rea<iiJy  in  this 
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way  Ixj  dislocated.  They  must  alfto  Ixj  held  iu  such  a  way  aa  to  amij 
llu'ir  catching  further  Imck  from  the  points  in  any  of  the  tissues  in  iKe 
external  incision  which  would  much  interfere  with  its  tearing  nwa?  t 
jwrtion  of  the  ca|>aule-  Whore  a  cataract  ia  complicatwi  with  u 
oi>acity  in  the  capside,  the  forceps  tin*  far  more  satisfactory  than  th« 
cyBtotome,  as  by  using  them  the  opacity  is  removed  at  the  same  timetlut 
llie  cap9uIo  is  properly  opened.  This  proceeding  is  BJifer  than  r^moviny, 
tlie  ca[>Huhir  cataract  after  the  leus  has  been  extracted. 

Tlie  next  step  in  the  opemtion  is  to  effect  the  removal  of  lh« 
lens.  For  this  purpose  externa!  pressure  has  t-o  be  nrnde  The 
back  of  the  tortoise-shell  scoop  is  tipplioJ  to  the  lower  t>art  of 
the  cornea,  and  pretty  firm  pressure  exerted  This  causes  the 
w  ound  to  gape,  and  the  upper  circumference  of  the  lens  to  tiecoini! 
engaged  in  it  (see  Fig.  192).  "When  the  lens  has  properly  prr- 
sented  in  this  way  the  pressure  is  increased,  and  at  the  same  time. 


PiQ.  192. 


the  scoop  gradually  caused  bo  follow  it  upwards  as  it 

more  and  more  disengaged,  until  it  is  finally  completely  expeDed^ 

After  this  has  been  accouiplished,  it  is  well  t^j  wash  out 

sac  agdin  with    the   antiseptic   lotion,  and   then,  by  pi 

and  rubbing  up  the  lower  lid  against  the  cornea  with  the  thumy 

any  cortical  matter  which  has  been   rublxid  off  nn<l  remftintj 

in  the  eye   is   to   be,  as  far  as  possible,  got  rid  of. 

this  coaxing  out  of  the  cortical  matter,  care  siioidd  be  t«kaij 

to  keep   the   eye   well  washed   with  the   corrosive   sul 
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otloD,  as  it  iH  otherwise  not  free  from  danger,  owing  to  the 
siliiliry  of  micro-organisms  being  carriet!  into  the  wound  fnim 
the  lid.  It  is  Inciter,  liowwver,  except  where  there  is  dacrj'o- 
cystitis  or  chronic  conjunctivitis,  to  make  the  necessary  pressure 
on  the  coniea  thniuj,di  the  lid,  ami  not  directly,  as  it  can  be  done 
•with  less  irritation  or  injury  to  the  cornea. 

An  idea  of  the  completeness  of  the  removal  of  the  cortex 
Tuay  be  got  by  seeing  whether  the  patient  can  count  fingers  or 
not  before  applying  the  dressing.  If  this  can  reudily  be  done, 
it  shows  that  the  pupil  is  clear.  If  the  operation  has  been  per- 
foniied  for  an  iiriniature  cutfinict,  there  may  be  some  clear  cortex 
remaining,  but  all  opaque  matter  at  all  events  has  been  removed 
from  tlie  line  of  vision.  When  this  clearing  has  been  made  to 
a  sufficient  extent,  or  as  far  as  may  be  aihisable  in  any  parti- 
cular case,  the  caoutchnuc  spml  should  l^c  run  along  the  wound, 
in  case  any  piece  of  capsule  or  ci:)rtex  should  be  caught  in  it.  If 
there  should  be  any  clotted  blood,  too,  it -must  be  removed  with 
the  iris  forcejw,  and  attention  luust  Ije  paid  to  the  pupil,  and  any 
catching  at  the  angles  of  the  wound  rectified  in  the  manner 
alretuly  described.     A  dressing  rrmst  be  then  applied. 

Different  dressings  are  used  by  tlifferent  surgeons'.  The 
following  may  be  recommended : — Next  the  eye,  which  is  gently 
, closed,  is  placed  a  piece  of  lint  soaked  in  the  corrosive  sub- 
limate solution,  and  on  the  top  of  this  a  piece  of  gutta-percha 
tissue  of  or  about  the  same  size,  but  not  much  bigger  than  the 
lint  A  pad  of  absorbent  cutton  wool  is  then  put  on  the  top  of 
this  deeji  dressing,  and  kept  in  position  with  several  turns  of  a 
Hannel  or  domet  bandage,  or  a  couple  of  strips  of  adhesive 
plaster.  This  dressing  is  not  changed  for  twenty-four  hours, 
and  after  the  eye  has  been  examined,  and  a  little  corro- 
sive sublimate  lotion  s<iueezed  into  the  conjunctival  sac,  is 
reapplied  as  iHjfore,  with  the  exceptiou  of  the  gutta-percha 
tissue.  The  same  dressing  is  continued,  and  changed  every 
twenty-four  hou!^,  for  from  five  to  eight  days,  after  which  all 
that  is  required  is  a  light  handkerchief  antl  shade.  If,  as  is 
generally  the  case,  the  chamber  has  re-formed  within  the  first 
twenty-four  hours,  a  dry  dressing  nmy  be  used  on  the  third  day, 
a  little  soft  boracic  or  iodoform  iiintujtait  being  first  applied  to 
the  margin  of  the  lids  to  prevent  the  retention  of  the  secretions. 
The  advantage  of  the  gutta-percha  tissue  at  the  fii-st  dressing  is 
44 
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to  keep  the  lint  wetland  thus  prevent  any  interference  vrilh  ihft] 
healing  process  from  the  accuunikilion  of  tears  in  the  ere  Iti 
is  not  necessary  to  tie  «p  the  oilier  eye,  as  the  patiwit  himfielf] 
dues  not  move  either  eye  mncb,  owing  to  the  pain  whiili  thii 
causes,  until  the  anterior  chamber  has  re-formed.  The  w<>un( 
luts  (ienenilly  so  far  healed  by  the  lime,  the  first  dresaiui* 
changed,  sa  as  to  have  perndtted  the  chamber  to  become 
established.  If  there  should  be  no  chamber  after  two  d«j^— itt] 
unusual  tliough  occasional  occnn'ence — it  is  better  to  nMuo\'ei 
tlie  bandage,  and  replaiMj  it  by  a  light  one  which  ejcens  ooj 
pressure  at  all  upon  the  eye.  The  patient  should  l>e  kirpt  in' 
bed  for  a  couple  of  days  at  any  rate,  unless  he  should  be  v«T| 
corimlent,  or  sluiuld  suffer  from  diabetes,  when  it  isgeiufmllr| 
inadvisable  to  keep  him  in  Iwd  after  the  first  day.  For  the  ftRti 
few  days  it  is  as  well  to  keep  the  patient  in  semi-darkiie<J, 
where  this  is  possible;  lie  shouhl  at  any  rate  be  protected  froiaj 
any  strong  light  falling  directly  on  the  eyes. 

If  (luring  the  attempt  to  force  the  lens  through  the  extexml 
wound  any  of  the  vitreous  should  escape,  it  becomes  nccess»rrj 
to  alwmdon  tlie  jiressure  on  the  corneji,  as  this  wfiuld  only  cm* 
further  loss  of  vitreous  without  resulting  in  the  escape  of  the 
lens.     The  lens  has  then  to  be  extracted  willi  the  vertisv  srt^ 
Fig,  190  a.     This  instrument  is  pushed  well  behind  it.  by  first! 
being  passed  backwai*ds,  taking  care  not  to  dislocate  it  inyj 
further.       When    it    has    been    got   well    in    position   Ifhini 
the  lens,  it  is  withdrawn   slowly,  a  shght  pressure  forvai 
being  exerted  all  the  time,  so  as  to  prevent  the  lens 
slipping  otl'  by  supporting  it  against  the  cornea  in  front.    It  il| 
generally  necessary  to  leave  most  of  the  cortical  matter  whichj 
may  not  have  been  extract^jd  with  the  vectis.     Some  of  it  miiy 
removed  l>y  carefully  introducing  the  curette,  but   this  pn**] 
ceeding  should  not  be  repeated  too  oft^n,  and  if  tliere  has  I) 
a  good  deal  of  \'itreous  expelled  at  the  same  time  as  the  l« 
should  not  be  tried  at  all.     Wlien  there  has  been  an  escaj 
of  vitreous,  extra  care  must  be  taken  in  the  after  treatmenl 
It  is  better  to  tie  up  both  eyes,  and  not  to  open  the  one 
which  tlie  operation  has    been   performed    until   after  forti 
eight  houi"a 

Syringing  out  of  the  anterior  chamber  is  recummendcU  by  M* 
in  coBBB  where  it  is  difficiUt  to  remove  cortical  matt<>r«  as  wbcR  iW 
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cataract  haa  been  immature  at  the  time  of  operation.  This  is  used  by 
him  instead  of  the  external  pressure  exerted  either  directly  on  the 
cornea  or  through  the  lid,  as  has  just  been  described.  This  method 
does  not  seem  to  have  had  very  many  followers,  and  in  point  of  fact 
it  is  seldom  that,  when  the  capsule  has  been  properly  opened,  and 
some  time  is  given  for  a  little  aqueous  humour  to  accumulate,  any  such 
proceeding  is  called  for. 

When  an  extraction  has  been  performed  in  an  eye  where  there  has 
been  any  dacryocystitis  or  conjunctivitis,  it  is  a  good  plan  to  cover  up 
the  wound  with  a  thick  layer  of  finely  powdered  iodoform  before  tying 
up  the  eye.  Such  eyes  are  better  left  without  a  l)andage  as  soon  as  the 
anterior  chamber  has  re-formed. 

In  a  very  considerable  proportion  of  cases  of  extraction  some 
degree  of  iritis  takes  place  during  the  healing  process.  As  a 
rule  this  is  very  slight,  but  wherever  there  is  any  indication  of 
it,  atropine  should  be  used  to  prevent  any  adhesion  to  the  lens 
capsule.  The  most  unfortunate  accident  which  may  happen 
after  an  extraction  is  suppuration  of  the  corneal  wound.  If 
this  goes  on,  it  leads  to  more  or  less  complete  destruction  of 
the  cornea  by  extension  of  the  inflammatory  changes,  and  this, 
as  well  as  a  complication  with  purulent  iritis,  to  which  there 
is  a  tendency,  results  in  the  loss  of  all  useful  vision,  and  not 
infrequently  in  the  complete  disorganisation  of  the  eye.  This 
accident  is  probably  always  due  to  septic  inoculation  of  the 
wound.  It  generally  begins,  so  far  as  it  can  be  observed,  after 
the  first  twenty-four  hours.  The  chamber  is  then  found  to  be 
empty,  the  conjunctiva  reddened  and  chemotic ;  the  edges  of  the 
wound  are  slightly  infiltrated,  and  a  greyish  haze  extends  more 
or  less  distinctly  down  into  the  corned  The  patient  complains 
of  pain  and  has  often  suffered  during  the  night  from  sickness. 
When  this  state  of  matters  is  observed,  no  time  should  be  lost 
in  attempting  to  check  the  progress  of  the  infiltration.  This 
may  be  done  either  by  using  the  thermocautery,  or  by  applying 
a  solution  of  nitrate  of  silver,  10  grains  to  the  ounce,  directly 
to  the  wound.  The  eye  should  afterwards  be  frequently  bathed 
with  the  corrosive  sublimate  solution,  or,  better  still,  with 
freshly  prepared  chlorine  water.  Since  the  introduction  of 
corrosive  sublimate  this  accident  is  fortunately  very  much 
rarer  than  it  formerly  was.  Occasionally  it  may  be  checked 
in  the  way  described,  but  more  often  all  attempts  to  do  so 
fail 
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In  some  cases  of  catarax^t  it  is  advisable,  instead  of  mpturiog 
the  Cttpaule  of  the  lens»  to  extract  it  as  well  rdong  with  the  lent 
Some  operators  even  make  this  a  rule.  The  result,  as  far  as  viaioo 
goes,  is  nioi-e  immediately  brilliant  than  when  the  c«j«ule  \&  left 
in  the  eye,  but  the  operation  is  certainly  nuich  niori'  risky,  aail 
entiiils  the  loss  of  more  or  less  vitreous.  l)esides  tl»e  imtalii'fl 
which  may  result  from  the  tearing  away  of  the  suspeiisoTy 
ligament  from  its  attachments.  In  all  cases,  however,  where 
the  lens  is  more  or  less  dislocated,  or  where  it  is  over  ripe 
and  shrunken,  and  also  where  it  has  undergone  calcareow 
degeneration,  it  should  be  extracted  in  its  capsule.  Pagen- 
stecher's  curette  ur  spoon  (Fig.  103)  should  be  used  for  tlii* 
pui-pose.  It  is  introduced  well  iKihind  the  lens,  which  by  ll  is 
pushed  up  against  the  back  of  the  comea ;  a  tortoise-shell  scoop 
is  then  iiscd,  with  which  pressure  is  exerttnl  on  the  cornea,  so «» 
to  cause  the  lens  to  glide  slightly  upwards  on  the  large  spouo. 


^ 


Fro.  193. — Piigen8t«pher'8  spoon. 

When  it  is  found   to  move,  the  spoon  is  slowly  withdrawn, 
whilst  at  the  siime  time  external  pressure  is  kept  up  with  lli* 

ip,  which  is  made  to  follow  the  other  instrument  as  it  b 
imoved.  This  operation  requires  the  aid  of  a  skilled  aASixtATit 
to  nianiimUite  tlie  external  scoop,  while  the  operator  holds  ll* 
fixation  forceps  in  one  hand  and  Pagenst-echer's  spoon  in  tl» 
other.  When  carefully  performed  there  need  not  be  any  great 
loss  of  vitreous ;  but  that  will  depend  to  some  extent  on  the 
consistency  of  tlie  vitreous. 

In  coses  of  capsular  cataract,  and  of  shrivelled-np  congenital 
cataract  in  children,  the  whole  thickened  opaque  membrane  nwf 
be  removed  with  the  C4ipside  forceps  thi'ough  a  fHir-ai£c<l  lint-ar 
incision.  Tliis  operation  does  not  entail  any  particular  rifiksif 
it  be  done  carefully.  The  capsule  forceps  having  been  intro- 
duced, and  a  goo)l  hold  of  the  membrane  having  been  got  with 
theuij  they  must  be  ver}*  slowly  removed,  and  with  a  slight  side-lo- 
side  movement.  If  it  is  foimd  that  great  resistance  is  offere<l  li> 
the  complete  removal,  as  much  as  readily  comes  away  may  be* 
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snipped  off  with  the  iris  scissors,  and  the  rest  allowed  to  be 
dragged  back  again  into  the  eye. 

If,  owing  to  havinjif  made  too  small  an  incision,  or  to  any  other 
cause,  considerable  difficulty  has  been  experienced  in  extracting  a 
cataract,  so  that  the  scoop  has  had  to  be  used  more  freely  on  the 
cornea  than  usual,  there  will  be  found  on  examining  the  eye  a  milky 
opacity  of  the  cornea,  which,  on  close  inspection,  will  be  seen  to  be 
due  to  a  finely  striated  interstitial  opacity,  the  result  no  doubt  of  some 
stagnation  in  the  lymph  channels.  This  appearance  may  remain  for  a 
number  of  days,  but  eventually  clears  off.  It  is  due  to  injury  to  the 
cells  lining  the  back  of  the  cornea,  and  is  favoured  by  the  action  of 
corrosive  sublimate  when  some  of  the  lotion  used  during  the  operation 
passes  into  the  chamber. 

An  opacity  due  to  cocaine  has  been  described,  but  this  I  have 
never  seen,  though  I  have  all  along  used  it  freely,  and  in  combina- 
tion with  corrosive  sublimate  and  different  other  antiseptics,  as  well 
as  with  mydriatics  and  myotics.  There  can  be  little  doubt  that  this  is 
due  to  the  presence  in  some  specimens  of  cocaine  of  an  irritant  alka- 
loid which  cannot  readily  be  separated  from  the  cocaine.  The  opacity 
produced  appears  to  be  confined  to  the  epithelial  layer  of  the  cornea, 
though  it  may  nevertheless  remain  permanent. 

A  number  of  operators,  and  amongst  them  some  of  the  most 
experienced,  have  recently  reverted  to  the  old  plan  of  extracting  with- 
out iridectomy.  It  is  not  difficult  to  understand  that  those  who  were 
in  the  habit  of  making  very  large  iridectomies,  such  as  were  the  rule 
for  some  timv  after  the  introduction  of  the  modified  linear  extraction, 
should  have  resorted  to  the  simple  operation  and  discarded  iridectomy 
altogether.  These  large  iridectomies  are  certainly  unsightly,  and  the 
proportion  of  cases  in  which  encleisis  takes  place,  when  the  section  is 
made  as  peripheral  as  von  Graefe  recommended,  is  by  no  means  trilling. 
Besides,  the  large  peripheral  portion  of  the  cornea,  through  which 
rays  are  thus  permitted  to  reach  the  retina,  is  apt  to  render  the  image 
less  sharp.  On  the  other  hand,  the  same  disadvantages  do  not  attend 
the  performance  of  a  small  iridectomy  and  a  less  peripheral  incision. 
There  is  little  tendency  to  bad  encleisisand  little  interference  with  vision, 
e8j>ecially  when  the  iridectomy  is  done  upwards.  The  removal  of  the 
cataract  is  also  easier  if  unripe,  and  the  risks  on  subsequent  bursting 
of  the  wound  are  less.  The  only  disadvantages  are,  therefore,  a  M-ound 
in  the  iris  and  a  less  beautiful  pupil.  Those  who  have  been  in  the 
habit  of  operating  in  this  manner  may  fairly  claim  that  the  former 
disadvantage,  which  may  even  be  got  rid  of  altogether  by  the  per- 
formance of  a  preliminary  iridectomy,  is  at  least  outweighed  by  the 
diminished  risk  of  encleisis  or  bad  prolapse  of  iris  in  case  of  the 
wound  bursting  where  no  iridectomy  has  been  done.  The  cosmetic 
advantages  of  a  round  active  pupil,  when  it  can  be  obtained,  are 
altogether  trifling  in  those  elderly  individuals  who  are  the  usual 
subjects  of  cataract  extraction.  The  game  is,  in  fact,  not  worth  the 
candle. 
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Operations  kor  Aki'kh  Cataract. 

In  a  certain  proportion  of  cases  in  which  a  cataractoi»  Icm 
has  l>een  removed,  it  l>econies  uecesssary.  sooner  or  Ui<rr,  \^ 
perforin  some  ojx»nition  in  order  to  further  increiiae  tlie  traruH 
partnicy  of  the  pupil.  The  pntportiou  of  cases  vrhen*  this  » 
necessary  will  l»e  less,  according  as  one  has  at  the  time  •>( 
opeiHtioii  been  successful  in  removing  the  c^>rtical  lens  miUlei 
from  the  eye,  or  according  as  the  subsequent  ahs*tq)ti"n  of  my 
remaining  cortical  matter  has  been  more  and  more  cxmiplete. 
The  ilegi'et*  of  iritis,  too,  following  the  exti*action  is  of  iiifliiPnw 

this  respect.     When  there  has  been  any  considerable  degn*. 

subsequent  operation  will  always  be  necessary  before  good 
^sion  can  be  obtained.  The  operation  to  Im?  sc^lected  in  mv 
case  depends  uix»n  the  degree  of  opacity  as  wvll  as  upou  lli'' 
nature  of  the  membrane. 

Tkt  Diuihk  Necdh'  or  Tea rintj  Operation. — ^miL'  limt*  i>rt?\mu5 
to  perfoi  uiirig  the  oi>eration,  atropine  is  dropped  into  the  con- 
junctival 8a^^  in  order  to  get  as  great  a  retraction  of  the  im 
as  possible.  When  the  speculum  has  been  introduced.  Uw 
operator,  standing  l}ehind  the  patient's  heud,  enters  a  it^^p 
needle  with  his  right  hand  tlirough  the  coniea  at  a  short 
distance  from  its  ajtpurent  mai-gin.  If  the  right  eye  he  the 
one  operated  on,  the  needle  is  entered  at  the  outer  side,  if  tl*' 
left  at  the  inner  side.  U  is  pushed  obliquely  inwards  set  as  to 
pierce  the  membrane  occupying  the  pupil  at  a  point  op{>osite  lb* 
centre  of  the  cornea,  Hohhng  the  needle  steadily  in  jiortilion, 
a  similar  one  is  next  introduced  with  the  left  hand  through  a 
corresponding  atul  opposite  point  of  the  coniea,  and  piisW 
through  tiie  mfuihriJUL'  ulongsiik*  of  the  first;  then,  by  simul- 
taneously nusing  the  handles  of  both  needles,  their  |xiintA  «r« 
made  to  describe  circles  in  opposite  directiou.s  round  the  ptirtions 
where  the  cornea  is  penetrated,  and  a  Jioh?  is  thus  lacerated  ia 
the  membrane.  The  needles  should  not  l>e  pus!ie<i  fiirthrX 
thnnigh  the  mendjrane  tliau  just  suHicient  to  pierce  it^  After* 
g(K)d  hole  has  U^eu  got  in  tins  way  they  are  quickly  withdrawTi 
and  a  dressing  applied  for  twenty-four  hours,  in  the  8am« 
manner  as  lias  been  described  as  suitalile  after  exlractioa. 

This  operation  is  best  suited  for  obtaining  on  opening  in  very  fi 
membrauf?!*,  suoli   as   are   coui()osed  almost  entirely  of   the  upaqd 
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capsule,  and  which  have  gradually  developed  after  a  longer  or  shorter 
period  of  greater  transparency. 

The  Narrow  Knife  or  Cutti-ag  Operation. — In  this  operation 
a  knife  about  two-thirds  as  long  and  one-half  as  broad  as  an 
ordinary  Graefe*s  knife  is  used.  The  operator  steadies  the  eye 
with  the  fixation  forceps,  and  introduces  the  knife  through  the 
outer  or  inner  side  of  the  cornea,  according  as  the  right  or  left 
eye  is  the  one  operated  on.  The  cutting  edge  is  directed  towards 
the  eye,  and  the  knife  pushed  obliquely  inwards  until  its  point 
penetrates  the  membrane  as  far  over  to  the  opposite  side  as  is 
possible  without  wounding  the  iris.  It  is  allowed  to  remain  in 
this  position  for  a  second,  and  then  in  raising  the  handle  the 
blade  is  made  to  cut  its  way  through  the  membrane. 

In  performing  this  operation,  it  is  important  not  to  make  an 
attempt  to  sweep  round  the  blade  immediately  after  it  has  entered  far 
enough  into  the  chamber,  as  by  so  doing  one  frequently  fails,  even 
with  a  very  sharp  knife,  to  obtain  a  good  opening,  owing  to  the  yield- 
ing nature  of  the  membrane  and  its  attachments.  By  first  piercing 
the  membrane,  however,  as  described,  and  then  waiting  for  a  second  or 
two,  it  comes  to  lie  with  its  cut  edge  up  agamst  the  edge  of  the  knife, 
and  is  easily  divided  without  any  traction.  This  is  the  best  operation 
in  all  cases  where  the  membrane  is  at  all  dense.  Not  only  is  a  better 
opening  obtained  in  this  way  than  with  needles,  but  it  gives  rise  to  no 
irritation.  It  is  suitable  in  all  cases  where  an  operation  is  required 
shortly  aft^r  extraction  to  complete  the  transparency  of  the  pupil,  and 
where  there  has  not  been  so  much  iritis  as  to  lead  to  any  drawing  up 
of  the  pupil.  The  double  needle  operation  is  often  used  for  such  cases 
as  well ;  but  when  the  membrane  is  tough  it  is  more  difficult  to  pro- 
cure in  this  way  a  satisfactory  opening,  a  longer  manipulation  is 
necessary,  and,  besides  this,  a  degree  of  dragging  on  the  attachments 
of  the  membrane  is  caused,  which  may  lead  to  very  considerable 
irritation,  and  the  eventual  closing  up  of  the  aperture.  When  the 
operator  has  assistance  the  cutting  operation  may  be  performed  by 
oblique  illumination  with  the  patient  seated  on  a  chair  in  the  dark 
room. 

The  Scissors  Operation,  or  Iridotomy. — A  good  hold  is  taken 
of  the  conjunctiva  with  the  fixation  forceps,  and  a  narrow 
keratome  introduced  into  the  anterior  chamber  as  near  as 
possible  to  the  comeo-scleral  margin.  The  keratome  may  be 
made  to  pierce  the  iris  at  the  same  time.  The  incision  should 
not  be  too  small,  as  it  should  be  large  enough  to  enable  one  to 
use  the  iridotomy  scissors  freely ;  it  should  therefore  be  at  least 
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3  millimetres  at  its  inner  opening.  After  the  keratome  lias 
been  slowly  withdrawn,  a  pair  of  Wecker's  iridotomy  scisaora 
are  intro(iluced.  The  one  blade,  which  should  preferably  be 
sharp,  is  passed  well  underneath  the  iris  and  membrane,  and  the 
other  alwfve  it  until  tlie  op|K>site  angle  of  the  chaml>er  is  n'acbol, 
when,  by  a  tirni  snip,  the  intervening  tissues  are  diWded,  and 
the  scissors  quickly  withdrawn  closed.  The  dLrectiou  in  which 
the  blades  of  the  scissors  are  pissed  should  be  at  right  angles  to 
the  sti'etched  fibres  of  the  iris. 

This  operation  is  suitable  for  most  capes  whei«  the  pupil  hai 
become  closed  and  drawn  up  owing  to  iritis  afUT  extinction.  Th* 
iridotomy  acis6ors  are  often  n^ade  too  long  in  the  blades.  They  eiiiatil 
not  bo  innoh  larger  than  two-thirds  the  diameter  of  the  sntoriw 
chamber  or  three-eighths  of  an  inch.  The  difficulty  in  performing  tit 
operation  properly  ia  to  get  the  blatles  sutticiently  Beparatod  »ottV> 
pierce  tlirough  the  whole  thickness  of  the  obetnicting  screen  nw 
enougli  to  the  iiide  at  which  thu  section  ia  made.     It  i»  on  tliis  nccouDt 


Fig.  194. — Tridotinny  jniiwonL 

that  it  is  advisable  not  to  make  the  section  loo  ainolL,  and  nl  tla* 
time  to  pierce  the  iris  and  subjacent  membrane  with  the  keratoma 

Exdaioti  of  a  tHftntjular  piece  of  Iris. — In  cases  whtsre  tfie  iriitf 
following  extraction  has  been  very  severe,  and  where  theJ*e  i»  com** 
i.|Uently  a  want  of  eliwticity  in  the  opaque  screen,  owing  partlT  w 
WHisting  of  the  muscular  tissue  of  the  iris,  and  [mrtly  to  thr-  t^oA 
natui*e  of  the  phistic  tissue  to  which  it  ia  firmly  glued,  tb- 
proceeding  may  sometimes  give  a  fair  reaidt : — A  small  flap 
nf  both  cornea  and  iris  is  made  about  midway  between  the  centre  aoA 
lower  circumference  of  the  cornea,  but  rather  nearer  the  latter.  Twu 
converging  snips  upwards  ore  then  made  with  the  scissors  from  fiOw* 
end  of  the  iris  flap,  and  thus  a  triaugular  piece  of  iris  and  siibjattiA 
membrane  isolated,  which  is  then  seized  and  removed  with  the  irw  trf 
capsule  forccijs.  In  these  cascs  the  vitreous  is  often  very  fluid,  aiia 
a  coui«iderablc  amotmt  necessarily  escapee  during  the  o|>eration,  iM 
pennaueut  elfect  of  which  depends  ujton  the  degree  of  reactiou  fuUoV 
iug,  as  well  as  u|x>n  the  clearness  of  the  vitreous. 
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Strabismus  Operations. 

Two  operations  are  practised  for  the  cure  of  strabismus.  If, 
for  instance,  the  degree  of  convergence  be  in  excess  of  that 
i-equired  for  binocular  fixation,  we  may  have  to  divide  one  or 
both  internal  recti,  i.e.,  perform  a  tenotomy,  or  we  may  have  to 
bring  forward  the  tendon  of  one  or  both  external  recti,  i.«., 
perform  an  advancement  of  the  muscle. 

There  are  various  methods  in  use  of  performing  both  teno- 
tomy and  advancement.  The  particular  cases  for  which  these 
operations  are  suitable,  and  the  precautions  to  be  taken  in 
connection  with  them,  have  already  been  referred  to  in  Chapter 
XVII. 

Tenotomy  is  now  always  performed  by  cutting  across  the 
tendon  of  the  muscle  close  to  its  insertion  to  the  sclera,  accord- 
ing to  the  method  introduced  by  von  Gmefe.  This  permits  of 
a  certain  degree  of  retraction,  but  the  presence  of  other  indirect 
attachments  prevents  the  retraction  being  too  great. 

The  instruments  required  for  the  operation  (see  Fig.  195)  are 
a  speculum,  or  a  couple  of  Desraarres*  elevators,  fixation  forceps, 
a  pair  of  blunt-pointed  scissors  (curved  on  the  flat),  and  a 
strabismus  hook.  A  tenotomy  can  generally  be  performed 
without  general  anaesthesia.  A  drop  or  two  of  a  5  per  cent, 
solution  of  cocaine  produces  sufficient  local  anaesthesia,  as  a  rule, 
and  it  is  better,  in  order  to  be  able  to  judge  of  the  effect  of  the 
operation,  that  the  patient  should  be  fully  awake.  In  perform- 
ing tenotomy  of  the  internal  rectus  of  the  right  eye,  or  the 
external  rectus  of  the  left  eye,  the  surgeon  stands  behind  the 
patient's  head.  For  the  other  lateral  muscles  he  may  stand  in 
front  at  either  side — preferably  the  left.  After  having  inserted 
the  speculum,  a  hold  is  taken  with  the  fixation  forceps  of  a  piece 
of  conjunctiva  lying  over  the  insertion  of  the  muscle,  a  good 
quarter  of  an  inch  therefore  from  the  border  of  the  cornea.  A 
vertical  snip  is  next  made  with  the  scissors  large  enough  to 
allow  the  blades  to  be  opened  pretty  freely  underneath  the 
conjunctiva.  The  scissors  are  then  made  to  cut  their  way  back- 
wards immediately  underneath  the  conjunctiva  until  they  cease 
to  encounter  any  resistance,  and  one  is  able  to  feel  that  their 
points  can  be  freely  moved  about.  The  scissors  are  then  with- 
drawn, and  the  hook  inserted  underneath  the  muscle.    This  is 
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done  by  first  passing  it  backwards  along  the  upper  or  lower  edge  of 
the  muscle,  according  to  the  one  operated  on,  in  such  a  waj  that  its 
horizontal  and  convex  portion  is  parallel  with  that  edge.  On  then 
turning  it  quickly  round  it  slips  below  the  muscle  and  is  drawii 
forwards  until  it  is  arrested  by  the  attachment  of  the  tendoa 


s/ 


Fk;.  195. — fl.  Desmarres' elevator  ;  6.  Strabismus  scissors  ;  e.  Strmbismus  hook. 

It  is  then  transferred  to  tlie  left  hand,  and  the  tendon  cut 
between  the  hook  and  the  eye.  After  this  has  been  done  the 
hook  is  again  inserted  and  swept  upwards  antl  downwards  with 
the  object  of  t-esting  whetlier  the  division  has  been  complete. 
If  it  should  catch  on  any  portion  of  the  insertion  which  has 
escaped  division,  this  portion  must  be  divided  with  the  scissoiv- 
A  suture  is  then  used  to  bring  the  edges  of  the  wound  in  the 
conjunctiva  together.     The  suture  should  be  passed  duigmmW^ 
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dovmioards  and  inwards^  and  only  take  in  the  conjunctiva.  A 
deeper  suture  placed  horizontally  is  sometimes  required  if  the 
effect  of  a  tenotomy  has  been  too  great.  The  eye  should  after- 
wards l>e  bathed  occasionally  with  corrosive  sublimate  lotion, 
but  no  bandage  ia  required. 

This  method  of  performing  tenotomy,  which  is  that  formerly 
practised  by  von  Graefe,  only  very  slightly  modified,  is  the  best,  as 
the  effect  produced  is  not  only  greatest,  but  admits  to  some  extent  of 
being  regulated  by  sutures.  Though  not  perhaps  quite  so  easy  as  the 
subconjunctival  method,  the  advantage  over  that  operation  is  that  the 
operator  is  able  to  see  exactly  what  he  does.  The  introduction  of  a 
suture  also  renders  sinking  of  the  caruncle  less  likely  to  occur. 

Subconjunctival  Tenotomy. — The  operator  stands  in  front  of 
and  to  the  right  side  of  the  patient.  The  same  instruments  are 
used,  with  the  exception  of  the  scissors,  which  in  this  operation 
are  straight.  A  snip  is  made  with  them  in  the  conjunctiva  at  a 
point  slightly  below  the  level  of  the  lower  border  of  the  inser- 
tion of  the  muscle.  The  deeper  subconjunctival  tissues  are  then 
seized  with  the  forceps  and  the  opening  extended  into  them. 
When  this  has  been  done  the  strabismus  hook  is  slipped  in  and 
slightly  swept  round  so  as  to  catch  under  the  muscle.  It  is  then 
transferred  to  the  other  hand  and  held  up  while  the  scissors  held 
in  the  right  hand  are  passed  in  through  the  external  opening, 
with  one  blade  in  front  of  and  the  other  behind  the  insertion  of 
the  muscle  which  the  hook  thus  puts  on  the  stretch.  The 
insertion  is  then  cut  across  with  one  or  two  snips  of  the 
scissors.  If  this  has  been  completely  done  the  hook  can  then 
be  passed  forwards  until  it  catches  on  the  tissues  immediately 
surrounding  the  cornea.     No  stitch  is  required. 

Snellen's  method  of  performing  tenotomy  is  as  follows : — A 
horizontal  incision  is  made  in  the  conjunctiva  over  the  middle 
of  the  tendon  of  insertion  of  the  muscle.  A  portion  of  the 
tendon  is  then  seized  with  the  forceps  and  a  snip  made  into  it 
with  a  pair  of  scissors,  which  for  this  purpose  may  be  either 
straight  or  curved.  A  small  strabismus  hook  is  then  passed  in 
under  the  upper  portion  of  the  tendon  through  this  hole,  and 
this  portion  divided  with  the  scissors,  one  blade  of  which  is 
passed  behind  and  the  other  in  front  of  the  hook.  The  lower 
half  of  the  tendon  is  then  divided  in  the  same  way  close  to  its 
insertion. 
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Snellen  claims  for  thw  method  of  operating  that  the  direct 
tion  is  separated  without  any  interference  with  the  indirect 
or  with  the  cajisule  of  Tenon,  bo  that  the  retmction  t-okes  pl«c«f  eqtmllf 
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A  number  of  methods  are  also  in  use  for  the  advanccnirM 
of  the  internal  or  extonml  rectus.  Of  tliese  tlirwe  umy  be 
referred  to. 

1.  A  vertical  iucisiou  is  made  in  the  conjunctiva  over  iIk 
muscle  to  he  advanced,  and  of  a  length  equal  to  the  full  brwuiUi 
of  the  muscle.  A  thread  is  then  passed  round  the  muscle  clwse 
to  its  insertion  by  catching  it  up  with  a  strabisnnis  hook  baling 
an  eve  at  tlie  end  tluriu":h  which  the  thread  is  threaded  Ah« 
this  thread  ha.s  Iwjcn  finnly  knotted  round  the  tendon  the  end* 
are  left  lung  and  the  insertion  of  the  muscle  dividetl  cl'we  Ui 
the  sclera.  Keeping  hold  of  the  threat.!  in  one  haml,  the 
operator  proceeds  to  free  the  muscle  from  its  attachments  all 
round,  iLl)ove,  below,  and  to  either  side  for  some  distance  hftrk. 
He  thou  introduces  a  double  thread  through  the  muscle  from  its 
under  surface.  The  thread  used  for  this  purjKJse  should  be  of 
pretty  stout  wnxe<l  silk,  with  a  needle  at  the  middle  and  one  il 
either  end.  The  middle  needle  is  passed  tlirough  the  mujck 
Having  Been  that  this  has  been  properly  done,  and  that  ibe 
freed  fin*l  retracted  muscle  can  be  readily  drawn  forwards  hy  li* 
double  threiid,  the  Hret  thread  i-ound  the  tendon,  by  which  it 
waa  held,  is  cut  away,  together  with  a  portion  of  the  end  of  ibe 
muscle.  One  of  the  needles  at  the  end  of  the  tloulile  tlir«id  B 
then  pa«aed  uTiderneath  tlic  conjunctiva,  and  brought  out  at « 
point  close  to  the  vertical  meridian  through  the  cornea,  whila 
llie  (itlier  is  jjai^seil  in  tJie  suuje  way  beneath  the  conjuaclivi 
helow,  an<l  brought  out  at  a  point  opposite  the  first.  The 
middle  needle  may  then  }>e  cut  off,  leaving  two  threada  inatrtd 
of  one.  The  ends  of  tiie  two  threads  are  then  tightly  knotted, 
and  thus  a  traction  on  the  muscle  exerted  which  tlmws  il 
forwards,  the  one  thread  drawing  it  upwards  and  forwards,  and 
the  other  downwards  and  forwards,  so  that  the  resultant,  if  tb^y 
are  properly  applied,  is  to  advance  the  muscde  in  the  memlian  of 
its  action.  Finally,  a  stitch  is  put  in  to  keep  the  edges  of  the 
conjunctival  wotuid  in  contact 
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This  operation  is  esKntiallT  tod  Gnefe's  ZDodifieation  of  CritcbettV 
method  of  perfonning  adrancement.  It  is  veil  to  lemow  &  fK»nioa 
of  conjunctiva  before  knotting  the  threads.  Instead,  too,  of  the  single 
thread,  tro  mar  be  used,  each  one  penetrating  a  different  portion  of 
the  mu9cle.  The  amount  of  effect  which  can  be  ^\  by  it  depends  on 
the  position  at  vhich  the  muscle  is  perforated  br  the  thmd,  and 
partly  as  veil  on  the  tightness  vith  vhich  the  threads  are  drawn  and 
on  the  size  of  the  piece  of  tendon  remored. 

2.  Sekureiggcrs  mfihod. — In  this  operation  catgut  stitches  are 
used  instead  of  silk.  After  a  vertical  incision  has  been  made 
in  the  conjunctiva  over  the  muscle,  the  muscle  is  freed  above 
and  to  either  side,  and  a  catgut  suture  passed  round  it  at  some 
distance  from  its  insertion  and  firmly  knotted  on  it.  the  ends 
of  the  suture  being  left  long.  Another  catgut  suturv  is  passed 
through  the  muscle  behind  the  first.  The  insertion  is  next 
divided  and  a  portion  of  the  end  of  the  tendon  cut  offl  The 
free  ends  of  the  catgut  sutures  are  then  ininxluced  under  the 
conjunctiva,  the  ends  of  the  first  being  entered  close  t<^ther 
and  in  a  line  w-ith  the  muscle,  and  the  other  two  ends  above  and 


Fig.  196. — Prince's  advmnoement  forceps. 

below  respectively.  The  two  uppermost  are  then  knotted 
together,  and  also  the  two  lowermost.  The  first  suture  is  placed 
round  the  muscle  to  prevent  the  second  cutting  its  way  through 
it.  To  obtain  the  greatest  effect,  the  sutures  must  be  placed 
as  far  back  as  possible. 

3.  An  operation  differing  considerably  from  tliese  just 
described  was  introduced  a  few  years  ago  by  Prince.  To  this 
he  gave  the  name  of  pulley  operation,  owing  to  the  manner  to 
which  the  advancement  is  effected.  The  method  in  which  he 
performs  the  operation  is  thus  described  by  him: — "The  eye 
being  fixed,  the  anchor  or  pulley  suture  a  is  introduced  slightly 
into  the  dense  tissue,  one  millimetre  from  the  corneal  margin. 
The  conjunctiva  and  capsule  of  Tenon  having  been  divided,  one 
branch  of  the  advancement  forceps  (Fig.  196)  is  introduced  under- 
neath the  tendon  of  the  rectus,  and  the  other  closed  upon  it. 
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puring  the  edge  of  the  retracted  conjunctiva,  after  wliidi  the 
mdon  is  separated  from  the  sclera.  Each  end  of  a  thr«ul  Uing 
urine<l  witli  a  needle,  liuth  are  passed  fmm  iindernealh  the 
elevated  rectus  thmugli  the  capsule,  niuaole,  and  Cfaijunctivx 
enclosing  the  middle  jwrtiou  of  the  rectus  in  a  Wp,  from  whiiA 
it  cannot  esciipe.  The  tissues  in  the  grasp  of  the  forceps  unt 
now  divided  two  millimetres  anterior  to  the  loop  suture,  ihf 
location  of  which  will  de^iend  on  the  luuouiit  of  advaucemect 
retjuii-ed  in  each  individual  case.  One  end  of  sutm-e  h  iscun'ed 
over  suture  a,  both  ends  of  which  are  now  brought  together  imd 
securely  tied,  enclosing  tlie  former  in  a  hxtp  fir  pulley.    Both 


Fifl.  197.— (After  Prinoe.) 

'ends  iif  h  are  now  hroujLjht  together  in  the  form  i>f  a  fiurRK* 
knot,  and  it  becomes  upimrent  that  in  proportion  as  tbey  urfi 
tightened  over  the  pulley  formed  by  n,  will  the  cut  end  of  thi. 
rectus  he  nilvanced,  simultaneously  closing  the  conjunctival  gft]V 
To  nbluin  the  most  perfect  connection,  a  bow-knot  is  apphedaod 
time  allowed  for  recovering  from  the  effect  of  traction,  which 
should  as  much  jis  possible  be  avoided  during  the  operation. 
Afterwards  this  knot  may  be  secured,  t>r  the  etlect  increased  of 
diminished  as  conditions  may  indicate" 

I   have  found  this  a  very  shuple  and  efficient  operation.     Th* 
manner  in  wliich  I  have  performed  it,  though  the  same  in  principles 
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differs  slightly  in  details.  The  following  are  the  pointa  of  difference. 
The  pulley  suture  is  introduced  by  running  it  out  and  in  two  or  three 
times,  over  a  larger  extent  of  the  circumcorneal  connective  tissue,  which 
gives  it  a  better  hold,  as  it  has  to  bear  a  considerable  strain  and  should 
not  readily  cut  its  way  through  the  tissues.  The  other  suture  is 
passed  single  instead  of  double,  and  through  the  muscle  rather  further 
back  than  through  the  conjiinctiva.  The  muscle  has  therefore  to  be 
freed  first  to  some  extent.  The  portion  of  tendon  grasped  by  the 
advancement  hook  is  cut  off.  The  bow-knot  is  discarded  altogether,  as 
not  having  any  particular  value,  but  the  operation  is  done  without  an 
ansBsthetic,  and  the  thread  pulled  sufficiently  tight  to  produce  at  the 
time  a  slight  exaggeration  of  the  effect  required. 

Evisceration  of  the  Globe. 

The  iustruments  required  for  this  operation  are  a  speculum 
and  fixation  forceps,  a  Graefe's  knife,  a  pair  of  scissors,  and  a 
blunt  Volkmanu's  spoon.  The  conjunctiva  is  first  undermined 
for  a  short  distance  all  round  the  cornea.  The  anterior  chamber 
is  then  transfixed  on  a  level  with  the  horizontal  meridian  of  the 
cornea,  and  a  section  made  which  completely  separates  the 
lower  portion  of  the  cornea  from  the  sclera  along  the  junction 
between  them.  The  flap  of  cornea  thus  formed  is  then  seized 
with  the  forceps,  and  the  rest  of  the  cornea  separated  with  the 
scissors.  With  the  Volkmann's  spoon  the  whole  contents  of 
the  globe  can  now  be  evacuated.  This  must  be  done  thoroughly, 
so  that  nothing  is  left  but  the  sclera.  When  the  bleeding  which 
this  causes  has  been  stopped  by  means  of  pledgets  of  cotton 
wool  introduced  into  the  cavity,  the  edges  of  the  conjunctiva 
are  brought  together  with  sutures.  The  sclera  should  not  be 
stitched. 

This  operation  is  always  followed  by  considerable  oedematous  infil- 
tration of  the  tissues,  and  pain,  which  lasts  at  least  twenty-four,  often 
forty-eight  or  more  hours.  I  have  not  found  that  the  introduction  of 
horse-hair  or  catgut  as  a  drain  has  modified  the  seventy  of  the  infil- 
tration, although  it  has  been  recommended  for  this  purpose.  The 
stump  left  after  this  operation,  though  admitting  of  a  better  movement 
in  an  artificial  eye,  when  it  can  be  fitted  in  to  the  orbit,  than  results 
from  enucleation  of  the  eye  altogether,  is  yet  not  so  markedly  better 
in  this  respect  as  might  be  supposed  from  the  appearance  shortly  after 
operation.  A  very  great  degree  of  shrinking  takes  place  in  the  course 
of  time,  so  that  the  pad  on  which  the  muscles  act  is  greatly  reduced 
in  size.  To  obviate  this  defect,  a  modification  of  the  operation  was 
recommended  by  Mules,  which  consists  in  introducing  a  glass  ball 
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into  the  scleral  cavity  and  unttiii<;  the  conjunctiva  over  this.  I 
Imve  no  perecmtil  exiierience  of  Mules'  operation,  but  understantj  that 
it  has  been  fairly  successful  in  his  hanils.  In  a  great  many  caew  th« 
glass  hall  seeniB  to  be  expelled  sooner  or  later  hy  ulceration  of  th* 
over-lying  tissn'is,  but  the  eventual  result  in  such  cases  doc»  not  appe«r 
to  be  worse  than  if  the  attempt  hail  not  lieen  made,  although  the 
patient  is  necessarily  subjectetl  to  a  somewhat  pridonged  trtiatu>vQt 
When  the  operation  succeeds,  the  eHect,  so  far  as  the  niuveinent«  of 
the  artihcial  eye,  which  rests  on  this  ortilicial  stumji,  go,  ojuld  himllr 
he  more  beautiful 

Enucleation  of  the  Eyebaul 


The  instrumeiits  required  for  enucleation  are  a  ftpecolain, 
hxation  forceps,  strabismus  hook,  and  a  pair  of  stmng  scissors 
curved  on  llie  Hat.  An.rsthetica  sliould  Im*  used  except  when 
there  is  good  reason  for  avoiding  them,  when  the  puin  may  b« 
to  a  great  extent  mitigated  by  tht^  free  use  of  cocaine  during  the 
operation.  The  conjunctiva  immediately  surrounding  the  cornea 
is  first  incised.  This  is  best  done  by  catching  hold  of  a  portion 
of  the  u]jper  part  with  the  forceps,  snipping  through  it  vrith  the 
scissors,  and  then  passing  one  blade  behind,  allowing  it  to  glide 
beneath  the  conjunctiva  to  one  side  of  the  cometi,  while  tlie  other 
blade  remains  external  t*>  tlie  conjunctiva.  In  this  way  one  or 
two  cuts  with  the  scissors  will  suffice  to  coniplete  tbt*  dimion  of 
one-half  of  the  conjunctiva  Burronuding  the  come-tt,  while  the 
other  half  may  be  divided  by  using  the  blades  in  the  same  way 
along  the  other  side  after  having  l^egun  again  at  the  jKunt  al»ove, 
where  the  first  perforation  was  made.  This  ha\nng  been  done, 
the  capsule  of  Tenon  is  opened  by  a  more  free  use  of  the  scissors 
at  the  lower  portion,  just  over  the  inferior  nxtus.  The  strabts- 
mns  hook  is  then  passed  under  the  inferior  rectus,  wbtdl  ii 
divided  close  to  its  insertion.  The  hook  may  now  be  swept  in 
succession  round  each  of  the  recti  muscles,  and  their  insertion 
severed  from  the  globe  in  the  same  way.  After  dividing  tlm 
insertion  of  the  superior  rectus,  the  hook  should  br  passed 
deeper  so  as  to  hook  up  the  superior  oblique,  which  most  also 
be  divided  in  the  same  way.  The  branches  of  tlie  spectilum  anj 
then  separated  as  much  as  possible,  and  the  eye  deprived  of  its 
muscular  attachments  jillttwed  to  protruda  The  scissors  mtol 
next  be  passed  in  between  the  capsule  and  the  globe  to  the  bsrk 
of  the  eye,  the  blades  l»eing  kept  closed  until  the  points  nre  felt 
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to  touch  the  optic  uerve.  They  are  then  opened  and  pushed  a 
little  further,  so  as  to  cause  the  blades  to  pass  one  on  either  side 
of  the  nerve,  which  is  cut  across  with  a  firm  snip.  The  eye  can 
now  be  drawn  forwards,  as  it  is  only  held  by  a  few  bands  of 
connective  tissue,  which  have  to  be  snipped  across  to  complete 
its  removal.  The  bleeding  is  readily  stopped  with  pledgets  of 
cotton  wool.  The  proper  arresting  of  the  bleeding,  as  well  as 
careful  antiseptic  treatment  throughout,  should  be  attended  to, 
as  these  points  are  of  importance  in  ensuring  the  speedy  healing 
of  the  wound  left  in  the  orbit.  A  tight  bandage  should  be 
applied  and  kept  on  for  four  or  five  hours,  so  as  to  prevent  any 
infiltration  of  the  tissues  with  blood.  Afterwards  nothing  is 
required  but  attention  to  the  cleanliness  of  the  wound  by 
frequent  syringing  or  bathing  with  corrosive  sublimate  solution. 
It  is  a  good  plan,  too,  to  smear  a  little  lard  along  the  edges 
of  the  lids  at  night,  so  as  to  prevent  any  retention  of  the 
secretions. 

An  artificial  eye  should  not  be  worn  for  at  least  two  months. 
The  eye  when  worn  should  be  removed  every  night,  and  kept  in 
water  containing  a  little  antiseptic.  AVTien  it  becomes  corroded 
it  should  be  repolished,  and  at  any  time  any  irritation  which  it 
may  produce  should  be  taken  by  the  patient  as  a  warning  that 
its  use  should  be  left  off  for  some  time.  There  is  a  great 
tendency  amongst  the  wearers  of  artificial  eyes  to  have  them  too 
big.  They  do  not  in  looking  at  themselves  in  the  glass  appreciate 
the  staring  appearance  of  such  an  eye.  It  is  better  to  have  one 
of  such  a  size  that  the  lid  droops  slightly  over  it  as  compared 
with  the  other  eye.  Such  an  eye  is  not  only  less  likely  to  set  up 
irritation,  but  is  also  much  more  deceptive. 

Operations  are  sometimes  required  to  render  the  socket 
better  fitted  to  lodge  an  artificial  eye.  No  definite  rules  can 
be  laid  down  for  such  operations.  The  surgeon  must  be  guided 
by  the  conditions  presented  by  each  individual  case.  Some- 
times, owing  to  the  tendency  to  drooping  of  the  lower  lid,  it 
is  necessary  to  raise  it  by  uniting  the  upper  and  lower  lids  at 
the  outer  canthus. 
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„             .,             Accidents  owing  to 
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At  the  Periphery 

of  the  Retina.  1'' 
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Total. 
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4r.9 

Coloured  Vision 

it-i 

Committee  of  the  Ophthalmological 

Society  on  Sympathetic  Ophthal- 
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3U 

Complementary  Colours. 

^:>'' 

Concave  Meniscus, 

i*. 

Concomitant  Strabismus, 

eu 

Concretions, 

-■1 

Congenital  Amblyopia,  . 

p.u 

„         Anomalies  of  the  Iris. . 

^'f'W 

Cataract, 

i-s 

,.         Malformations  of    the 

Cornea,     . 

u^ 

„         Pigmentation     of    thf 
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Congestive  Myosis, 
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Operations  for. 

t'T- 
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Graefes. 
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H   CoDJUDCtivitia,       ....           81 

from 

■ 

■                               CaUrrhal,                            81 

Saeraisoh's  Section  of,  for 

^^1 

■                             Diphtheritic  .         .    92. 97 

Hypopyon  Ulocr.    . 

■ 

■                               FuUioiIar,                           103 

..       Shape  of.  .... 

■ 

H                t,             Gouorrhu^.    .                     85 

Sulzer'a  Meofmremcnta  of. 
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119          H 

H                               Haloes  in,                           357 
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Dynamic  Equilibrium  of  the  Exter- 

Dacryops,      .... 
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Deep  Anterior  Chamber, 
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Figmentoea, 
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Ectopia  Lentis,       .... 

m 
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Dendriform  Mycotic  Keratitis, 
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Dermoid Cyst  of  Orbits . 

415 
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„        Cysts  of  Conjunctiva. 
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Descemetitis, 
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Detachment  of  the  Choroid,  . 
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.,      Retina,     . 
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„         Con3uncti\'al, 
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„   Diagnosis 
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agio.  189 

„          Snellen's  Operation  for, 
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riti8,259 

Transplantation  Operation 

„      Vitreous, . 
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Diabetes,  Retinitis  in,   . 
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Ecwma  of  the  Lids, 

53 

Dichromatic  Spectrum,  . 

466 

Egyptian  Ophthalmia,   . 
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Diffuse  Retinitis,  . 
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Electric  Light,        .... 

235 

Dilatation  of  the  Pupil, 

269,  359 

M            n     Ophthalmia,    . 

110 

Dioptre  Lenses,     . 

.        487 

Electrolysis, 

415 

Diphtheritic  Conjunctivitis,  . 
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of  the  Hair  Follicles.  . 

m 
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Electro-Magnet,     .... 
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dation,  . 
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Snell's, 

m 

Diplococcus,  .... 

93 

Elephantiasis  of  the  Lids, 

65 

Diplopia,         .... 

.  19,  596 

Embolism  iu  Retinal  Arteries, 
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Crossed,  . 

598 

,.      Paracentesis 

if 

„         Examination  of, 

596 

Aqueous  Cham- 

„        Homonymous, . 
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ber  for.      . 
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„         Monocular, 

181,268 

of  Central  Artery  of  Retina  209 

„         Physiological,  . 

20 

Cherry-red 

Disc,  Cupping  of,   . 

362 

spot  on. 

210 

„    Optic.     .         .         . 

40 

„           ,.  the  Vessels  of  the  Iris, 

263 

„     Pulsation  of  Arteries  on. 

358 

Emmetropia,           .... 
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Diflcission  for  Cataract, . 

171,681 

Emphysema  of  Conjunctiva.  . 

105 

Diseases  of  the  Crystalline  Lens. 

152 

Empyema  of  the  Frontal  Sinuss     . 

409 

..      Orbit,     . 

404 

Encephalocele 

41? 

.,      Retina,  . 

183 

Encephaloid, 

403 

Dislocation  of  Lens, 

177 

Encleisis  of  the  Iris, 

3j0 

„     into  Anterior  Chat 

nber,178 

Enophthalmos,        .                             404.433 

,,            .,     into  Vitreous, 

177 

Entropion, 

.^ 

..     Subconjuncti%-al. 

179 

after  loss  of  Eye,    . 
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Disseminated  Choroiditis. 

279 

Cicatricial, 
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.,             Sclerosis,  Atrophy  i 

n,       240 

„           Operation  for, 
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Distichiasis,    .... 

55 

Congenital, 

57 

Distortion  of  Images.     , 

546 

Muscular. 

56 

Divergence.  Abnormal  Projection 

in,     600 

Operations  for. 

646 

„          Latent. 

634 

.,         Snellen's  Operation  for. 

651 

„          Relative  Manifest, 

635 

Spasmodic,  GaillardV  Thread 

Divergent  Scjuint  in  Myopia. 

538 

Operation  for. 

646 

„          Strabismus,  . 

634 

„        Streatfield's  Operation  for. 

m 

,.                 „     Convergent  Mo 

ve- 

Van  Millingen's  Operation 

652 

ments  in, 

635 

Enucleation, 

7W 

Double  Needle  Operation,      . 
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in  Panophthalmitis,   . 

299 

Dransart'a  Ojieration  for  Ptosis, 
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Meningitis  occurring  after.  299 
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Epicantbus, 60 

Epidermoid  Cysts  of  Iris,       .        .  265 

Epilation, 646 

Epileptiform  Neuralgia,         .        .  62 

Epiphora, 71 

Episcleral  Veins,  Enlargement  of^ 

in  Glaucoma,                       .  361 

Episcleritis, 95,113 

Epithelioma  of  Conjunctiva, .         112, 147 

„            Lids,      ...  63 
Equilibrium  of  Innervation  of  the 

Muscles,         .        .  594 
„          Position  of,          .        .  4 
Errors  of  Refraction  and  Accom- 
modation, .....  472 

Eiythropeia, 447 

E^moid,  Tumours  of  the,      .  419 

Ethmoidal  Cells,  Suppuration  in,  .  411 

Eversbusch's  Operation  for  Ptosis,  660 

Evisceration, 350 

,.            followed  by  Enucleation,  299 
„           of  the  Globe,    .        .  703 
Examination  of  the  Eye,  Methods  of,  1 
Excision  of  the  Lachrymal  Gland,  666 
,.        of  Triangular  Piece  of  Iris,  696 
Exclusion  of  the  Pupil, .        .        .  247 
Exophthalmic  Goitre,    ...  426 
Exophthalmos,       ....  404 
„            due  to  Periostitis,  .  405 
„            Treatment  of  Inflam- 
matory,       .        .  408 
Exostoses  of  the  Orbit,  .        .        .  413 
External  Muscles,  Dynamic  Equili- 
brium of  the,      ....  4 
External  Recti,  Tenotomy  of,        .  636 
Extemos,     Advancement    of    the 

Tendon  of.          ...         .  2 

Extirpation  of  the  Lachrymal  Sac,  668 

Eye,  Accommodation  of,        .        .  478 

Anterior  Focus  of  the,  .        .  524 

Centre  of  Rotation  of  the,      .  587 

Examination  of  the,                 .  1 

Far  point  of,  .        .        .        .  481 

Foreign  Bodies  in,                    .  323 
Operations,  Rules  for  Instru- 
ments in,    . 
Ophthalmosa>pic  Examination  of, 
„        „     by  Direct  Method, 
^        „        „     by  Indirect  Method, 
Eyeball,  Enucleation  of  the, 
Eyelashes, 

Faultily  Directed 


Eyelids, 


Abscess  of, 
Anatomy  of,    . 
Boils  in,  . 
Chancres  of,    . 
Coloboma  of.   . 
Dermoid  Cysts  in. 
Eczema  of. 
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31 
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48,49 

645 
48 
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Eyelids,  Elephantiasis  of, 
„        Epitheliomata  of, 
„        Fatty  Tumours  of, 
„        Nffivi  of, 
„        Neuroma  of,    . 
„        (Edema  of, 
„        Operations  on  the, 
.,        Rodent  Ulcers  of, 
„        Sarcoma  of, 
„        Tumours  of,     . 
„        Vaccine  Pocks  on, 

Eyes,  Anatomical  Position  of  Rest 
of  the, 
„      Apparent  Divergence  of, 
„      Associated  Movements  of. 


False  Imi^e, 

„        „        Projection  of. 
Far  Point,  .        , 

Fascicular  Keratitis, 
Fatty  Tumours  of  the  Lids, 
Fibres  of  Gratiolet, 
Fibroma  of  the  Cornea, 
Field  of  Vision,     . 

„  in  Glauwma, 
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65 
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65 
467 
147 

11 
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„  in  Optic  Atrophy, 

„  in  Optic  Neuritis, 

„  Limits  of,  for  different 

Colours,     . 
„  Physiological  Limits  of ,  12 

„  Restriction  of,  in 

Glaucoma, 
„  with  Glasses, 

Fistula  of  the  Lachrymal  Gland, 

Bowman's  Operation  for, 
Fixation,  Simultaneous, 
Flarer's  Operation, 
Focal  Illumination, 
„     Distances,  Conjugate, 
„     Interval, 
„     Line,  Anterior,     . 
„         „      Posterior,    . 
Foci,  Conjugate,    . 
„     Real     . 
„     Virtual, 
Focus  of  Lenses,    . 
„      Principal,    . 
Foerster's  Photometer,  . 
Follicular  Conjunctivitis, 
Fontana,  Space  of. 
Foreign  Bodies  in  the  Anterior 

Chamber, 

„     Eye, 

»      Iris, 

„      Lens, 

„      Orbit, 

„      Posterior  Aqueous 

Chamber, 
.,      Posterior  Section 

of  the  Eye,  .         331 
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Foreign  Bodies  in  Vitreous,  . 

, 

333 

„            M     Removal  of 

,  from 

Cornea, 

673 

Fovea, 

36 

Frigid  (Edema,      . 

63 

Frontal  Sinua, 

70 

„     Abecees, 

410 

„            „     Distention  of, 

409 

„            „     Empyema  of,  . 

409 

Fundus,  Erect  Image  of. 

32 

„       niumination  of,  with 

Oph 

thalmoeoope,  . 

29.573 

„       Inverted  Image  of,    . 

31 

Normal,     . 

34 

Fungus  Hffimatodet), 

403 

Fusion, 

590 

Gaillard's  Thread   Operation    for 

Spasmodic  Entropion,        .         .  646 

Galvano-Cautery,  ....  131 

Gaaserian  Ganglion,       ...  52 

Glass- Blowers'  Cataract,        .        .  177 

Glass  Rod  Test 4 

Glaucoma, 354 

„          Acuteneas  of  Vision  in,  366 
Anesthesia  of  the  Cornea  in,  372 

Bjerrum's  Symptom  of,  369 
Bleeding  of  Iris  after 

Iridectomy  for,  .        .  380 

Cataract  with.      .        .  377 

Central  Scotoma  in.  369 
Ciliary  Must-le,  Division 

of  the,  in,  .  .  382 
Colour  vision  in.  .  .  375 
Coloured  Halo  of,  .  35t) 
Complicated,  .  ,  377 
Convalescence  from  Ill- 
ness causing.  .  .  373 
Cupping  of  Disc  in,  .  ^i&2 
Cyclotomy  in.  .  .  3S*J 
Defects    in    the   Light 

Sense  in,  .         .         .  375 

Diagnosis  of,          .         .  374 

Dilat.ation  of  the  Pupil  in,  359 
Enlargementof  Episcleral 

Veins  in,  .         .         .  361 

Eserine  in.    ,                  .  379 

Etiology  of.  .         .         .  383 
,.         Knies' Hypothesis  384 
Excavation  of  the  Papilla  in.  361i 

External  Appearances.  362 

FeverishncKs  in.    .         .  372 

Field  of  Vision  in,         .  367 

Fulminans,   .         .         .  367 

General  Symptoms  in,  .  373 
Hiemorrhagio,  .  191,376 
Halo.     ...           27. 356 

Haziness  of  Cornea  in,  360 
Hj-pothesis  to  xVccount 

for  Blindness  in,       .  370 


Glaucoma,  Inflammatory,  SM 

„  in  the  Aphakic  Eye,     .       877 

„  Intraocular  Tension  in.       S58 

Iridectomy  for,       3SQ,  387. 678 
„  Lachrymation  in, .        .      379 

„  Malignant,    ...       SSI 

„  OphthalmoacopicParfeIlaxin.363 

Pain  in,         .        .        .372 
„  Paracentesis  of  the  An- 

terior Chamber  in.   .       Vii 
„  Photophobia  in,    .        .373 

,.  Photopsia  in,         .  371 

„  Premunitory  Symptoms  in,  356 

,,  Primary,       ...       355 

„  Prt^nosis  in,  37$ 

„  Refraction  in,        .        .       356 

„  Restriction  of  the  Field 

of  Vision  in.     .        .      36J 

Secondary,    .        .         259.375 

,.  „  Iritis  oom[di- 

cated  by,  . 
,.  Shallowness  of  the  An- 

terior Chamber  in,    . 
„  Sickness  in,  . 

„  Sleeplessness  causing,  . 

,.  Statistics  of, 

Subacute  Attacks  of,    . 
„  Traumatic        Cataract 

causing,     . 
„  Treatment  of. 

„  Trephining  the  Sclera  in. 

.,  We.ikness    (tf     Heart's 

Action  causing, 
with  Cataract, 
Glaucomatous  Symi)tomss  Intraocular 

Tumours  giving  rise  to. 
Glioma  Endophytum. 
Exophyttmi. 
.,       Metastatic, 

of  the  K«ttna, 
,.       Pseudo. 
„       Statistics  <.»f, 
Glio-Sarcoma, 
Globe,  Evisceration  of  the 
(Joltre,  Exophthalmic.    . 
Gon<x?occu.s  . 
Gonorrhceal  IritiH. . 

„  Ophthalmia, 

Graefe's  Knife, 

„         Modification  of  Critchett's 
Advancement       of      a 
Rectus  Muscle,     . 
,,       Modified  Linear  Operation 
for  Catara^'t. 
Oi>eration  for  C-onical  Come*. 
Ofwration  for  Trichiasis. 
Photometer. 
„       Sign, 

Tenotomy. 
Grafting  of  Mucous  Membrane, 
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Granular  Conjunctivitis,        .        .  98 

Granuluma  of  the  Iris,  .                 .  261 

Gratiolet's  Fibres,          ...  467 

Graven'  Disease,     ....  426 
„         Contraction       of 
Mailer's  Fibres 

in,          .        .  428 
„         Enlargement  of  the 

Thyroid  in,     .  427 

„         Hffimic  Murmur  in,  427 
„         Neuro- Paralytic 

Keratitis  in,    .  429 

„         Pathology  of,       .  431 
„         Rapidity   of    the 

Heart's  Action  in,  426 
„        Relationship      to 

Hyateria,         .  433 
„         Retraction  of  the 

Upper  Lid  in,  42S 

„         Tarsoraphia  in,    .  433 

Gummata  of  Iris,  .        .        .         256, 261 

Gummatous  IritiH,          .        .        .  256 

Htemorrhage  between  Retina  and 

Vitreous,       .        .  192 

.,            into  the  Vitreous,     .  317 

Haemorrhages  in  the  Choroid,  313 
„            into  the  Vitreous  of 

Adolescence,          .  318 

Retinal,    ...  188 
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439 

Lens,  Action  of  a, . 

486 

Artificial  Ripening  of, . 
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„      Subjective  Sensations  of,      .  289 

Lightning,  Blindn^is  from,    .        .  439 

Linear  Extraction  of  Soft  Cataract,  682 
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